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FOREWORD 

In 1968. the ConHnission -^n- College GeogrMby'of the A^sorfation of 
American Geographers pul^ished its first RescRirce Paper. Theories of 

^Urban Lofcation. by Brian I L Berr>' In 1^4. coinciding with the 

^ terminafion 6f NSF funding for the Cojnruissio^. Kesource' Paper number 
28 appeared, The Underdeve/opm^rrt and sSodernHation-^f the Third 
World, by Anthony R deSouza and Philip VN^j^.Porter Of the many CX:C 
-activities, the Resource* Papers 'Series became an effective means for 
periBittmg both teachers .and students to keep abreast of developmenjs in 

' the field . - v • 

Because of the popuiarity and useifulness of the Resource Papers, thfe 

• AAG applied for and recei-vjed a 'modest grant from NSF to continue to 
pr6duce R^soQrce. Papers thd to put the series on a self-supporting basis 
The present Resource Papers Panel subscribes to the originan purposes of 
the Series, which ar^quoted below 

The Resoiiixe Papers ha\e been developed as expository documents for the 
• use of bq^ the student and the mslrucior The> are expenmental m that >he\ 
are designed to supplement existing t#xts and to fill a gap between. significant 
research m American geograph* and readily acce^Sfble matejiais The papers 
are concerned v%^th important concepts or topics m modem geograph> and 
* focus on one of three general themes geographic theory*, policy jmplications 
or contemporary social relevance The> are designed to complement a variety of 
undergradiiale college geographv courses at the m^njduclorv and advanced 
level 

fn BTi effort to increase the utility of these papers, the Panel has 
aiX^fnpXed to be particularly sensitive to the currency of materralf for 
i><ider^duate geography courses and to the wntmg style of these papers; 
^ The Resource Papers 4« developed pnivted and distributed under the* 
auspices of the Association of American Gedgraphers. with partial funding 
from a National Science FounclaUoti grant. The ideas presented in these 
papers do not imply endorsement ^by the AAG 

Many individuals have assisted in producing these Resource Papers, and 
we wish to acknowle(;tge those who a'ssisted the Panel i/i reviewing the 
authoti^^ prospectuses m^readmg and commenting on the various drafts,, 
and in m^aking helpful sugges^fofts The Panel also acknov^ledges the 
perceptive suggestions and editorial assistance of lane F ^Castner of the. 
AAG Central Office * 



Sal^tore | Natoh 

Educational Affairs Director ^ 

Association of American Geographers 

Project Director and Editor. Resource Papers Series 



I , Resource Papers Panel 
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|ohn F Lounsbury Arizona State Tniversity 
Marks Monmonier Syracuse Tniversity . 
JtiatSiid^A^^nXeTs Michigan State Tniversity 
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PREFACE AND USER'S GUIDE 

All inaps distort reality. This statement;s^ramificakons are irriportant not 
only to geographers and niap 'makers', woo can and should shape a map's 
distortion to suit its message and audience, but Jo the average map-reader 
as well.^most all people in developed natiqiisare consumers of maps, but 
they receive little formal trainingiii qpap reading. Yet. just as consumers of 
food products and durabfe goods need to be knowledgeable in theu 
p|Ut:hase^ the niap reader should comprehend maps' uses and Hmitalions 

Map us€L gannot be effortless Many ma6s — particularly general as op- 
posed to t^matic maps — cannot and should not be distilled into usejess. 
sheets of paper for the {raphically laz>- Nfepped information, like other 
information, achieves meaping only when the user is both able and willing, 
to study the map. Altbough,map makers should strive for clarity, their goal 
should be to inform— not to sedCce Both mkp reader and map author Ijave 
active rather than passive roles m cartographic communication: both 
should attempt to understand the communication process; both must stnve 
to mAkejt effective * 

This Resource Paper explores the interface between m^p author^Qd map 
user Its aim Is to show th^t. even though^maps roust inherently "lie" smce 
they'camiot convey the entire 'truth. ' a map's "lie" can be an effective 
"white lie" that permits add encourages the communication of a valid idea. 

Chapter One js a condensed discussion of the ingredients common to all 
maps-^^rojection. scale and generalization, and symbolization — and, pro- 
v^ides an introduction fc^ later chapters ChapteBTwo^ad4resses the process 
of cartographic communication and attempts to identify- factors wh^ch 
either enhance or diminish the likelihood that a fnag's message will be 
/conveyed successfully from author to r^de^ Chapter Three concerns' (he 
relationship between map projections and effective communication and 
also describes methods for conslructing three nontraditional projections 
The applications and pjtfaFls of choroplethic mapping, one of the rT\ost 
important geographic tools of researchers a*nd planners, are investigated tn 
Chapter Four A wider range of mapping applications- embracing travel, 
census enumeration, environmental preservation advertising countenntel- 
ligence and polilic^l propaganda are discussed in Chapter Five to show 
how map distortion can be made to ser\;e a vanety of goals 

College courses m cartographic drafting and map design are not UH^jes- 
sanly thft mojt efficient means of informmg consumers about nfSps Even 
geography majors n^ight be better prepared for an introductor\' cartograph\'' 
•course if exposed earlier m their academic programs to important but less 
technical cartographic concepts The author developed ^"Lure and Logic of 
Maps. " a premtroductor>- nonlaborator\* survey of geographic cartography, 
to serve both budding geographers and map consumers exercismg their 
"nght to lyaow * Material for this Resource Paper is drawn from the third 
generation of lecture notes for this course, which also includes .introduc- 
tions to remote sensing and topographic map readmg 

The Resource Paper can complement a variety of existing Jtexts Tyner s 
(1973) The Worfd of .Mops and Mapping has been a helpful companion If 

I iContwued on next pogef 



suneymg and geodesy were to be irrcluded, Creenhood's (1964) Mapping 
would be useful Ir a laboraton* course such standard texts as Hodgkiss' 
(1970) .Vfaps for Books and theses «nd Robinson and bale's (1969) 
EJerfients of Cartography would be suitable supplements, as would a series 
of 6ther -paperbacks which might include Muehrcke's {1972} Thematic 
Coftogrpphy SJjould a departmenj/s teaching load not permit a sur\-ey 
course devoted solely to maps fhi5 Resource Paper can complement a 
general text in basic courses on physical, ecor^omic. urban, population, or 
social geography 

Outside geogfaph) curricula', this paper can fill gaps currently existing 
in introductor> texts on graphic arts and public aommunication-^nWds 
where necessary geographic skills are usually l^il|»d oi lacking In 
addition, the Resource Paper sho^d be of general inlerest to informed 
citizens and map enthusiasts, alike ^ 
• The Syracuse L'niversit\ Cartographic Laboratory- was .indispensable in 
the preparation of this paper D. Michael KircHoft Lab Manager, supervised 
the production of the figures .\s^stants cantributing their lalent/time. and 
• patiente were l0nathah Dought>. Bruce Wands Kareo McCombe, Anne 
•\'iront-Lazar,'and' Karen Guanciorie The comments of George A Schnell 
on an earlier draft wer^mosf helpful My^ dedication is to Marge who 
admits tRat maps are to be cTierishe^l and has stopped asking. "What is a 
Resource Paper'" / 

' • ' ' * Mork S Monmowev 

* Syracuse L'n\ver%iXy 
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I. ELEMENTS OF A MAP ' 



**What 'is 'B map?" is not a tnvial question Thje 
characteristics that distinguish maps from graphs. 
j/i!atefcolors. andphqtographs are not evident in the 

. common synonyms: plan, chart, and diagram f^ans 
need not show relative loc^feQ^* cKa'rts can'be large 
graphs hung on a wall to illustrate^econbmic trends, 
and diagrams are used.* among other things, to 
assist befuddled parents in assembling toys The * 
three attributes all maps share are scaJe. projection, 
and symboHzation. all advantages and limitations 

,of maps derive from the (^egree to which maps 
reduce and generalize realitV*. compress or expand 
shapes and distances, and portray selected phenom- 
ena vyith si^ns that communicate, without necessar- 
ily resembling, visible ofirwisible characteristics of ^ 
the landscape 

*The three elementyxjf a-Yrrap^are mtef<ie^€*Hie«t 
Scale mfluences the amount of detail tha^ can be* 
*shown and determines whether or not a par^ular 
kind of symbol will be visually effective Scale also 
varies Jfrom place to place and the degree of this 
vanation depenfls upork the projection employed 
The graphic^ q^pres$ion pf the projection m turn is 
controlled 'by symbols used. to represent coiistlmes, 

J mendians and parallels political boundaries and 
other features that provide the user with a loca- 
tional frame of reference DeSipite this interdepend- 
ence, however.^a map rnakef has considerably free- ^ 
dom in choosing a projection, a scale and a set of 
symbcrt^ Each element requires a separate decision, 
dach decision, tf not properly made might render 
the map les^ useful Before proceeding further 
these three elements should be discussed m greater 
detail 



Projection - ' 

Maps should be convenient to use Part of their 
convenience .lies m the ease with whrrh they can be 
carried about and stofed ffundreds of maps can be 
bound toget^her in an atlas occupying a fraction of a 
cubic meter Flat maps can.be rolled or folded, if 
any object cannot easily be stored*until needed, its 

'usefulness is reduced substantially Yet, projec"- 
tions, which transform curved surfaces, such as 

^ those of the Earth, the Moon^, or Mars, into planes, 
canwot yield flat maps without distorting, shapes 
and distance relationships Without map projec- 
tions, however, all maps (except large-scale maps of 
sm^ll regions, where spherical curvature i^ negligi- 
ble) would be globes or portions of gipbes — bulky, 
expensive^ and difficult to mass-prodgce and to 
store in order to scan a worldwide distribution. 



moreover, the users would need to rotate^nd possi- 
bly tilt the gldbe as well as move their eyes' Despite 
their inhereni geometric distortions, the advantages 
,of flat ma^s far outweigh their disadvantages, 
whereas t+ie advantages associarted with using large, 
distortion-free globes are outweighed for most pur- 
pxjses by the sheer difficiJty of hairdling * . 

The distortions present in/lat maps-can be under- 
stood by considering map projection as a tw^o-stdge ^ 
' process Only scale^i$ changed" in the first stage, m 
which a curved surface is reduced to a globe with a 
radius appropriate to the deS4red flat map Geomet- 
ric relationships are as yet unchanged, the distances 
among any three'points on the globe retain the 
same ratio to the distances aijiong the correspond- 
ing pomt§ on the original curved surface and their 
posit4ons^ reiative to one another remain the same 
« In the second stage, an easily flattened surfaoe \i 
placed^ in contact with the globe, and all points on 
t^e^lobe are assigned new locations on this devei- 
opabl^ surface/ The three most common developa- 
ble surfaces are the plane, the cylinder, and' thfe 
cone (Figure \] The plane becomes a flat map 
directly, whereas the cylinder and cone must be slit 
befoje development (flattening) 

Points and lines tjn the. globe might be projected 
onto the developable surface b5 light rays emitted 
from the globe's center or from an> other §ource 
This optical prelection method is not the only 
means of effecting transformations from spherical 
coprdinates-datitude and longitude] on the globe to 
plane coordinates (the X and Y of a sl^jtd^ard rectan- 
gular coordinate system) on the flat map. mathe- 
matical formulas^ can repJesent alt standard projec- 
tions, even those'that cannot be constructed from a 
hght sotirce For exampte. a variety of different 
spacings can separate the parallels projected as 
cpncentric circles onto a^.plane touching a globe at 
the Nprth Pole, but Very' few of the many possible 
Q7AmuthQ\ projections Ji e4?' projections onto a 
'plane) can be^ drav>-n withouf either consulting a 
table or perforrfimg the calculations 

The distinctive global patterns of parallels (east- . 
west circles) and meridians (north-south circles) ^ 
projected onto planes. "cylinders, ^nd cones are the 
graticuies (grids) of the resulting azimuthal, cylin-. 
drical. and conic projections'(Figure 2) Examina- 
tion of these projected grids indicates th^t most 
'distance relationships have been. destroyed by the 
projection On the azirmilhal projection the central 
pomt 'represents the North Pole, and the heavier 
lines represent' the Equator and the South Pole * 
Note that the South Pole. ^ p6int on the globe, has 
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Figure 2 Graticules of azimuthal. cvLmdncal a rrd 'con i^»pro sections; TKe.shaded zodes have t^ie same'area and shape in 
both \he northern ^nd southern hemisphjeres Note that the d/imutKdi and ronir pro^cUons usetj hese greativ djstorf area 
as does this cyhndrical pro^^Uon on which areal distortion^is synnm^tric about the Equator No projeciion preserves th0 
true shapes of these regtcJns' outsicje boundaries each developable su^^ace yields a dfstorl^ shape peculiar to the 
projection's gwficule " " ^ 



been stretched to a circle with a finite diameter Its 
scale — the ratio of length on Ihe map to length on • 
the Earth — is now infinitely large "The conic projec- 
tioh, where the poles are represented 'b\^ circular 
arcaof finite length, and the C\4indrit:al prQje^lion. 
where both pole$ are 'port^rayed as straight lines as 
long as the Equator, also* indicate distortion 

Other distances ^le also distorted On the azimu- 
thal graticule, where, in this case, parallels are 
evenly^aced. true distance ^^la^lonshlps afe main- 
tained OHly along roeridians, m the east-west direc- 
tion. -for instance, scale becomes progressivelv 
larger with jncreasing. distance from the center 9i 
the projection The cylindricah prelection, drawn • 
here, to represent the entire globe? has true scale 
only albr\g the Equator Along the meridians. whK:h 
are twice the length of the Equator in this example 
the^cale is twice that of the globe Because the 
parallels af% equally spaced, this north-south scale 
is constant, however, the progressivie stretching of 
parallels poleward from the Hquatoi; produces^ an * 
enlargement of east-w'es* distance with ificreasmg- 
latitude • " ' ^ 

On the cortic projection shown in Figure 2. east- 
west scale is great,er than the trye scale lof the 
•globe) along all parallels except the single standard 
poTolle} at which the cone touches the globe The 
cylindrical projection shown here afso has a stand- 
ard parallel.- scale \9 not distorted at the Plquator 
where'^the cylinder is in contact v%tth the globe In 
genieral. distorf^oh of scale— apd as a resijit of, / 
•distance — increases as the distance from a lifie of 
contact between the generating gjobe and the devel- 
' opable surface becomes greater ^ / 

Stretching tbat distorts distanc^ relationships 
will also disfort shape and direction For example 
on the cylindrical projection lA Figiire 2 in.onK the 
cardinal directions (north south east 'and west) do 
all places in the* same geggraphir direr tipn a\\a\ 
from a point he^lorvg the same 'straight Ifne a\\av • 
from that point Moreover beicaus* th/ pro)ec]ion 
distorts all angles eKcept*for the 90' angles between 
mendjans and parallels, the shapes of continents , 
rivers, and other features that might l>e plotted an 
this g^ratfcule woujd^also be distorted In fatt a// 
map projections distort the shapes of areal features 
latge or s'malP .Although' profectaons with Ihe prop* 
erty of conioKmaJit\' preserve angular relatidnships 
within hypotheUcal innniteH small areas around 
pointsL ^ross shape is always distorted since no 
projeCT^pn preserves distance relationships among 
all *ppin^ Oil a flat map 

Area is another geometric ptopert> distorted pn 
map projections. This can be observed onjhe conic 
'graticule in Figure ,2. w^iere* the upper ^and lower 
arcs represent the North^and Softth F6les Here the^ 
two shaded ceils represent equivalent areas on the 
globe.'^although the cell at the. North i^le is sub- 
-stantJallV'-smaHfei on the projection ihjifthe corre- 
sponding cell at the^ South Pole Relative areal 
distortion is also evident on lhe azimuthal projec- 



tion. where, equivalent ar§as (shaded) near opposite 
poles are*^reatly disparate On the cylindjica4 pro- 
fection. the poleward cells, although their areas are 
not distorted" relative to each other, occupy the 
same area on the map as cells touching the Equator 
Since meridians converge to polar pdtots on the 
globe, instead of running parallel to each other, m 
this example polar areas ^re substantially enlarged 
Map projections can. however, preserve true area 
relationships On all three types of projection -lhe* 
circles: straight lines* or arcs representing parallels 
can be repositioned so that the'area bounded by any 
two neighboring paralTels is in correct proportion to 
the area between an\ other pair of parallels on the 
map Thus, adiacerrt parallels on the cylindrical 
projection would be spaced closer near the poles 
than at the Equator The ability of these equivalent 
or equal-arf^a projections t9 portray accurately the 
relative areas of continents, countries, afid other 
regions is important, because tne^hiap readej will 
be less hkelv to'rai^judge. for example, ^he relative 
sizes of Greenland and SoUth Amewca Moreover, if 
a map were symbolized with dots each represent- 
mg'the same number of persons cattle of acres of 
\sheat the use of an equivalent -prQjection woi4d 
not promote incorrect estimate? of density For 
Example, if t^vo territories occupv l.QOO square 
j^ilom^ers on ihe Earth and if they both have 
100 000 uniformly dispersed inhabitants to be sym- 
bolized b\' 100 dots a m"ep projection th^t greatly 
distorts area might misrepresent the negioriA\-ith the 
sn^ller projected area as having a subst&ntialU 
greater population densitv 

Fver\ map projection is a compromise An ideal 
projection might be both conforr^al'and equi\alent 
but such a pcojection is impossiblo*because confof- 
malit\ and equualence are mutually exclusive For 
spme afjplications an appropriate projection might 
preserve area while distorting angles as little as 
possible, this is'cbmmorr on distnbution maps 
where the map reader is expected to compare areas 
and also identify geographic features In other cases 
both areal and angular distortions might be toler- 
ated if neither t\pe of distortion is great enough to 
interfere wilh the utilltN of th? maj^^ T S Geological 
*^Survey topographic maps, for jnstance. use a poly- 
conic projection.^ which distorts both area and an-, 
gles yet permits generally accurate distance meas- 
urements for sm^H areas For individual continents 
and smaller portions of the earth an acceptable 
combiriafi^on pf the distortions oX area, angles, dis- 
tance, and direction can often be obtained by care- 
fully selecting a developable surface that lies close 
' to the area of interest The many possibilities avail- 
able lb ihe map author are dfscussed m elementar>' 
textbodks on cartography {Robinson and Sale. 1969 . 
199-248) and g:i more advanced works demoted 
«;olel\ to projections (Malmg. 1973. ftichardus and 
.Adler. 19/2] Both map maker and map user should 
understand not onl> the necessary ^vHs resulting 
from projecfion^ but the numerous benefits as w^ll 




^ Scale and Generalization 

Scale is the ratio of distance on the map to the 
corresponding distanro on tJ^e ground. It can be 
shown on a map Ijas the familiar bar scale. 2) 
verbally as, for instance, ''one inch represents one 
mile/' or 3) as a ratio or fraction. By convention, th'^ 
^numerator of the ratio is .always one,^and the* 
numbers refer to no particular units.'The iatio scale 
1:24.000, foun,d on many topographic maps^ p/o- 
due^d by the.U.S. Geological Survey, has no dimen- 
sio ns and can^be iiflerpreted as "onejach oh the 
ma^ represents 24,000 inches on the ground," "one. 
foot equals 24,000 feet/', or "one centimefe/ repre- 
sents 24,000 oentiiheters." So long as botb the 
numerator and the denonrinator of the ratio repre- 
sent the same unit (e.g., inches, feet, or centime- 
ters), fhe scale is valid. If different^ units of measure- 
ment. are to bef used, an' appropriate conv 
musM)e*made. Thus, smce 24.000 incha ^ 
2,000 feet, this scale can be expressed as 
represents ^,000 feet." 
' When fhe denominator is relatively sfcall, Say 
10,000; the resulting fraction (1 10,000) is compara- 
tively large, and the map is* said to have a larger 
scale than, for example, another map^at 1:250, OC 
Since large;scale maps represent les4 lancTon a 
'giveti size sheet of papef than do small-scale jn^s, 
large-scale maps can present mor^ detail 

Distance measureixi^nts can be made alpng any 
line, on a l:24iiOOsmdp and" converted to groUnd 
distance. A two-inch line represents 2.000 feet re- 
gardless of its direction. Distortion of distance re- 
sulting fix^m the projection^ mmimal: inaccuracy 
is more likely to result fromThe map user's error m 
measuring the length of the line or from the map 
maker's error in plaeing symbols on the map. This 
lattfer difficulty in positioning syntbols is recog- 
nized by federal agencies, which have adopted the 
National iClap Accuracy Standards. Points oil a 
Completed map are sampled and rechecked- for 
correjpt positioning^ FoFa map to/meet these rftand- 
aitis, no more than ten percent of the points may be 
^fnore than 0.85 mm (1 30 inch) away from their true 
position if the scale is larger than 1:20,000. On 
smaller-scale maps the accuracy demanded is 0.5 
mm (1/50 inch). Other criteria are employed for 
elevations od topographic and hydrographic maps, 
and the U.S. Geological Survey, after studying the 
statistical distribjJtion of map errors, developed its^ 
owp criteria, which are more complicated as well as 
more realistic (Doyle et al.. 197^: 1077-1078). Their 
method and the National Map Accuracy Standards 
both recognize, however,^ that on less detailed, 
smaller^scale maps the symbok representhig, char- 
acteristics of the physical and social l^dscapes 
commonly occupy more space on the niap than if 
they were drawn at trtie scale. On a 1:250,000 map, 
for instance, a line representing a country ro^d 
might be 0^5 mm widjs in order to be visible. If the 
line's ^yidth were consistent with the map's scale, . 
the actual Width of the road would be 125 mm (410 



feet, ftf^faeight.of a thirty-story building)! This ' 
greatly enlarged -symbol simplifies ^the map maker's 
task of CQrrectly positioning an ordinary state* 
county.. or town road, ^hich, gfven the accuracy 
threshold of another 0.5 itim, might be located the 
eqiiivalent of 800 feet from its true alignfn.eflt and 
still be acceptably represented! ^ 

Maps at scales of 1:250,000 and smaHer a^ ilot, 
however, intended to permit accurate measureitient 
pf'the widths of road^, railways, or strrams. Their ^ 
"purpose, is to show, with reasonable accuracy, the 
relative posiXiom of these^ and othV features. Many 
phenomena, such as political boundaries and con- 
. tour lines, have no real width but^must be drawn as 
*thoug^ they were broad haftds across thyfirth. The 
goals of accurate positiorftng and effectA^e conunu-.- 
nk:ation are in'greater conflict wh?re. say. a^narrow 
''gap in a ri^g^ contains ^ |tream flanked on both 
"^WesLhy roads^and railways: If the slopes of the gap 
are steep and must be represented cltt^ly sp^ed 
contours, these might be permitted to merge, but ^ 
blue band symbolizing the drainage channel, the 
red Im^-showing theliighways; and the black lines 
^epresenhng the railroads cannot be superimposed 
^^Jh€ map without causing an ugly, incomprehen- < 
siol^blpb of ink.' One solutibn is to maintain 
norma^xuracy for Jhe-draiqage but to. offset the 
traiysportaV^on routes and the contours ^as much as 
necessary to'wevent excessive crowding. Accupcy 
of one sort sacrificed, but the accuracy of the 
relative position of the fea^tures is preserved. 

Lines on a m^^^^^ often be smoothe^^ )km 
s^ of clarity. VVhere the terrain is rugg^^bgh- 
ways depicted on a one- page map in a roadTatlas 
cannot exhibit all «the curves of their actual' align- 
ments. Mean'dering 'rivers must, in ^a- sense, be 
shortened on small-scale niaps.. The crenulatibns of 
coastlines must also be smoothed, although it might 
be desirable to include a few indentation^uitably : 
enlarged for clarity, to indicat^hat the shoreline is 
nof as simple ^ it might appear^ Spioothing or 
filtering of Retail is mandatory if a. map is to be 
more- than a collage jpf incompfeHensible symbols. 
, This process of generaifzation involves the selec- 
tion of both meaningful details and relevant fea- 
tures. The sm^jler the^cale of the map, tl^ fewer 
the number and types/of features that can be por- 
trayed. A comparison of the road networks repre- 
sented on TOaps at iwo different ^les illustrates 
|thirpOint. The left-hand ifaap in Figure 3 ha^ bee;i • 
copfed directly from a 1:24,000 planimetric (Quad- 
rangle ^€fet. •To its right jhe highways, drainage, 
.and rail line have been photographically. enlarged 
to the^me scale from a 1:250.000 map prepared for 
regional transportation planiiing. (Color printing on 
the original permitted ready differentiation ^aroong 
the symbols fof streams, raHroads, different cate- 
gories of highway, and political boundaries.) On 
this more generalized 1:250,000 map no houses are 
shpwn, and minor roads and Smaller strealns have 
b&n excluded. Symbols for those features retained ^ 




''Figure 3. Example of los» of detail as a map s scale is reduced SMrces NenvYork St^te Department of Transportatiofv. 
1:24.000 Jamesviile Quadrangle W73 [left] and 1 250.000 New York SUte Map. 1974. central ^^on (right), copied with 



permission. 



at this smaller scale occupy more earth space than 
the same symbols at a- scale of 1:24.000. Effective 
generalization also Requires a^iibstantial smoothing 
of the shoreline (A Jamesvnlle Reservoir; including 
the omission of the i^and near the west shore, and 
the elimination of detail along roads, stream chan- 

«nels. and the' railway, v^hich has been relocated 
ionie distance from the adjacent highway. The 
straight-line town boundaries, however, required no 
alteration^f detail, but the shields for County 
Routed 1 and 144 are not present on the more 
gCTeralized map. In fact.' to prevent overcrowding^ 

^ only state, federal, and interstate highways are 
labeled at th^ smaller scale. 

The degree- of generaUzation needed for clarity ^ 
Spends on scafe. the complexity of the phenomena 
pdftrayed. arid the theme or purpose of the map. Tb 
avoid clatter and confusion. onJy necessary features 
and relevant details should be in^lud^ The large- 
sca\$ topographic m^p. for example, is not a good. 
street guide, sii^^ only princi^j^l roads are^labeled. 
wt\ef^ a map intended for locating intersections 
need not be concerned with elevation, tree cover, of/* 
imkvidual residences. Houses and other building*^ 
are useful reference points in open country, where 
they can be indicated as separate structures orf 
topc^raphic maps; the clustering of dwellings and 
commercial buildings in cities and towns, however, 
man^tes the use of a tint screen (u^usally ^ tight 
red) for built-up areas Where only schools. 



churches, and other landmark buildings are shown 
EVen when a map's intended use is more nar- 
rowly defined.. phenomena relate to the theme 
seldom' have a uniform spatial distribution Thus, a 
single standard for feature, selection might not be 
appropriate for all parts of a map. As an example. 
, Baltimore, one of the 15 largest metropolitan areas 
' \n the United States, is often not labeled on page- 
size maps of the U.S. because it is near Washington? 
D.C The same map might include -Boise. Idaho, 
which has but a fraction of Baltimore's population 
but is located in an area wi^ few large cities. 
Obviously, neither population size nor national 
prominence supports this decision, made in an 
attempt to balance the needs of visual appearance 
*and information content Responding to these con- 
flicting demands is a niaior intellectual challenge of 
map making. 

Symbolization 

Representing a city with a small circle is a gener- 
alization, since few urban areas have circular 
^ boundaries: when many cities are represented by^ 
the same type of circle, the process is cajled sym- 
X bolization. After feature has Been selected and its 
^geometry simplified, in this case by reducing it to a 
. ^Dint. a graphic symbol must be.use<j to present the 
feature to th^ reader. 

Mapping conventio'n. neatness, and the ease with 
which an Entire symbol o> its individual elements 
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can be replicated are primary 'criteria in the selec- 
' tion'of map s]^bols. la addition to pen and' ink. 
straight edge, and French curve, aids userf in sym- 
bolizing maps include templates. (for circl^. high- 
- way shields, and otheit geometrically gimp^e de- • 
signsl. sheets^ of preprinted dry transfer or wax- 
backed point ^and area §>Tnbols. and Ihin rolls of 
tape with ^lid. parallel, dptted. and dashed l,ines 
Although seihi-autotoated mapping with tHfe digital 
computer, line pfotter.^ and COM (^mputerrOut- 
put-Microfilm), unit and advanced production 
methods. sucH as negative scribing and photo- 
graphijc scrfeening, have changed markedly the op- 
erations of some large mapping agencies and firms, 
these more modem' technologies have not substan-^ 
tially altered existing traditions of map symboliza- 
tion. , ' 

Convention -holds that *certaili types of symbols 
are approprfate/fol* certain typ^ of ptlenomena 
JJnear symook.'for example, solid, dashed, dotted. • 
and double lines, (Figure 4).' are used Tor linear 
featAJres. such as boundaries apd transportation 
routes. Contours and the lines of block diagrams 
(iised to portray three-dimensional distributions) 
^ also considered linear symbols Yet. when lines 
or dots are grouped to form a poherent areal pattern," 
the resulting symbols are emj)loyed largely for , 
, showing quantitative or qualitative differences for 
!wo-dignensiona'l.areal units. Another type, of area ! 
symbol is^lor shading Dots, hbwe^'er. are used as 
individual symbols 1) on dot maps that emphasize, 
gedferaphic variations in density and 2) for point 
♦phenomena, such as cities or factor>' sites for wliich 
the actual boundaries have been generalized to a 
point. In the foYmer case, one-det usually represent^ 
many objects (such as 200 dair>- cattle or 500 grape ^ 
vinesj.^whereas in the latter instance a^separate dot 
symboliz^ each entity Qualitative differences 
among point features might be represented by pic- 
torial symbols (such as miniature drawmgs of-facto- , 
ries or churches^ or by various geometnc designs 
(Including square?, triangles, and stars) Spatial 
variations of magnitude can be drawn so that the 
circles' 'areas have a constant ratio to the mapped 
values (such as population or numbers of blue- 
collar pmplo^ees) they ^present These examples 
illustrate, but oo not exhaust, the customary prac- 
tices used in choosing map symbols Although 
blind adherence can only stifle mapping* the map 
maker nust remember that experienced map read- 
. ers tend to associate specific types of symbols with 
certain map themes {Dobson.*1975). Radical depar- • 
tures from these customs, therefore, might impedfe* 
. map reading (Jenks. 1976;14) 

Since the variety of numerical values or land: 
scape features depictecj on a map commonly ex- 
ceeifs the number of different 'Symbols employed, 
symbolization usually requires classification Cate- 
gorizations can be qualitative when, for example. 
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ifeas are given labels such is "convni^ial" or 
"industrial/' or quantitative, ;in the cas%- of fifty' 
states grouped into five classes according to median, 
family incomes. Irvthis latter instance, the map user 
must not pictut6 a state as a homogeneous unit 
• without differences^ between urban apd rijjal areas 
and between wealthy suburbs and irnpoverisfied 
ghettos Nor."* in the former ms^riice. should all 
lemm^rcurT arfea*s be considered devoid of resi- 
dences. Hi both cases, a map maker might elect to 
^ show more geographic detail or to en^loy a more 
i intricate classification, but a map's objective is 
mqre^^sily accomplished if excessive detail. and 
*. elabor^ legends are avoided Maps, like books, 
can be informative without befng exhaustive 
# Symbolization. pro)ection. and generalization all 
distort reality. They need not. however, distort the 
^ truth. *When a parent asks. "Where have you been^" 
the child replying with acjrount of every minute- 



of the afternoon might well becloud eating frve 
candy ba^s with ^and then I ha,d something to eat 
at the jacksonsV' This type of evasion, of course, is 
delibera^, but even it the ohild had nof spdiled hijp^ 
appetite, the statement;"! W3s playing with Betty 
and lakei." is direcK fully adequate., and preferred 
Both the child and the map maker^pusf d^cld^ how 
nruch. their audience can be told without tjecoming 
bored, cdfrfu$ed. or exasperated. If "to distort" is 
"to he." then maps must lie Their lies. +ow^ver, 
are usually white lies, not ddiberdte fabrications 
Making a road ^elatrvely wi3er than it is on the 
Earth makes it visible, distortvig distances on a 
projection enables the map use^" to see Ahe whole 
Earth at once, separating featu/'es by greater than' 
Earth distances allows EepreS(fentation of relative 
positions Drstortion is 'necessary in order that the 
map reader be permitted to <^ompreherid the mean- 
mg of the map 
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n. CARTOGRAPHIC COMMUNICATION 



Mapping. 4he process of designing, compiling, 
and producing maps, can be distir\guished fronv 
cartogra^y« the study mapping 'methods and 
map comrounic^ion Thi^ ^nererttiation between 
the technology and the art and science of maps does 
not imply an inherent separation of roles — map 
makers, with decision-making "rejponsibihties are 
cartographers, even though cartographers heed 
never actually draw a map It does, however, indi- r 
cate that knowledge'about map production and use 
^demands* more than the mechanical artistic skills 
required to draw, an orderly representation of the 
landscape*^ 

Major Factors of Map* Communication 

The "Antral theme of cartography is the carto- 
graphic, commi^nication process Here the actual 
map is but one concern m a chain starting with the, 
image someone wants to convey and culminatmg in 
the intellectual or physical responses of the map 
user The mi)OT factors in this linkage are 1 f the 
map author. 2) the intended message of the map 3j 
the mapping technique; 4j the map reader and 5) 
the message receiv^ by the map reader The first 
four of these components affect, m a different way 
the efficacy of Cartographic communication as re- 
flected by the fifth factor 

Map authors might be wnters. advertisers editors 
of atlases, students, educators^-^iu emment officials 
entrepreneurs of geogj;aphic information or anyone 
trying to communicate geographic information 
They negd^-nut^ cartographers! nor do they always 
empRS^Tihe services of a cartographer As initiators 
of Cartographic communication they should know 
not only what they want their maps fo show but 
iiso the limits of mapg;ng technologies and the 
needs and map-reading abiiijies of their audiences 
A map author s deficiencies in any of these, areas 
might lead to ihe map user s incorrect interpreta- 
tion of the- map or. as migfit be more common than 
o^ographers realize, a map that is largely ignored 
A frequent example 6f an unused map is the text'- 
book illustration that solicits little more than a 
passing glance from tho^ftudent who views maps as*^ 
fewer pages to r^d- 

The message intended by the map may be simple 
or complex, -but this message musf be clear in the 
mind of ihe map aut+ior. otherwise, the map is 
hkely to be defttient Some of the least effective 
maps are those included m professional articles 
textbooks, and^ official reports soleh as. windov* 
dressing because oth^ authors of similar material 



also employ maps Moreover, even* if a map is 
appropriate, the map author's failure to identify 
precis^' what the mag is to say often leads to the 
iiKlusion of extraneous details frhat can only ob- 
scure the message. Similarly, if the message is 
really-yj^o or more separate messages, each of 
which would be better served by an individual 
map. the resulting single map might Ainduly tax the • 
reader's ability to unscramblsvits vanous meanings. 

Mappi/ig technique ts impcmanf for obvious rea- ' 
sons some proiectidns. method^ of symboHzation. 
and degrees o[ generalization are more appropriate 
than others )n facilitating cartographic commAica- 
tion Morrison (1971 1-8). in *a study of different 
procedures for interpolating isolines (lines coi\nect- 
ing points of equal value) from scattered data 
points notes that there are several possible sources 
of error Ij m the colle<^ion. recording, and manip- 
ulation of data, 2) in design, drafting, and reproduc- 
tion, and 3) in map reading and map analysis The 
method-produced errors can occur at any sX^g4 
between the collection and adjustment of source 
♦ data and the- placing of the first mark on the final 
drawiag On iso^ne maps> for example inaccura- 
cies might result from the selecUpn of sample size. 
Somple type, and the interpolation model used to 
estimate surface values where not provided in the 
original data (Morrison. 1971 12-13) Because some 
mapping methods are more complex and error- 
prone than others, the selection of a particular- 
procedure for generalization, classification, ^nd 
symbolization is another factor in method-produced 
error Th^ decision to prepare a dot map. which 
involv^the placement of onany dots on the final 
draw/ng. increases the likelihood of method-pro- 
duced error Furthermore, design ♦errors associated 
with inappropriate symbolization might combine 
with a poor choice of projection or an unpleasing 
layout for the map. legend, and labels to thwart the 
transmission of the intended nr>€ssage 
' .Another possible obstacle to effectiy^e carto* 
graphic communication arises from the difficulty of 
th^ human nervous system to perceive correctly fre 
, relative sizes of graduated circles and the degrees of 
blackness of differei^ shaded area s>Tnbols Cartog- 
^ raphers need to know-piore about the function of 
visual f)erception and its relation to map design 
fMcClear\-, 197d) Psychophysical experiments at- 
tempting to* describe mathematically the relation- 
ships betw^n symbols as* stimuli on paper and the, 
^ responses these symbols produce in the brain ha\e 
ted to methods for reselling the sizeis of graduated 
circles so that estimates of their magnitudes by map 



readers* better approximate the numerical values 
these^ -symbols represent (Flanner>v 1971) CH^r 
experiments by cartographers have resulteo^in 
methods for selecting more visually distinct^gray- 
tone shadipg patterns for choroplethic meps* (Wil- 
liams. 1958: Kimerling, 1975) ahd'for adjusting the 
density of dots on dot maps to achieve improved 
estrmates of celative concentration^ (Olson, 1977) 

Yet. reseating symbols to *^iust for em)rs irf 
visual e^ihmahon is only part of the solution. Train- 
ing in mapxeading provides another answer. Olson^ 
09756). for ihstance. gave her sub)ects the opportu- 
nity to' see some correct answers to tests judging the 
density of €ots and the magnitude of graduated 
circles. Tests were administered before ^and after 
these training sessions, and the feedback produced 
'appreciable improvement in the subjects' e^timates^. 
The need for adequate education in map reading 
tasks, however is much broader Muehrcke (1974) 
calls for an increased understanding of the limita- 
tions of maps in order that decisions advert to 
human^needs and environmental quality not result 
from the misapplication of maps by either map 
maker or map reader Balchin presents an argument, 
for more thorough education in -map reading and 
places grophicoc)'. "the educated counterpart of the 
visiial-spatial aspect of human intelligence and 
CQmmunication/' on an equal focfting with verbal 
JiCeracy. social articUlateness. and numerical ability. 
f| 976:34) Blaut and Stea (1974) recognize th^ai)il- 
ity of three-year-olds to make and use mapT and ' 
urge that fom)3l map training begin when a child 
starts school 

The ability and personality of the map reader is 
the least controllable aspect of cartographic com- 
mujficatlon- Yet. evefi though the user s enthusiasm 
and, skill in map analysis cannot be increased easily 
by the map maker, the user's experience with real- 
ity and his or her mapping needs must at least Be 
recognized A map to be used by planners and other 
offiotals supposedK* familiar with their city is likely 
to be less readily interpreted by the average cit'iz^ 
who. as an illustration, might want to know only 
where a new sewer line is to be extended, not its 
diameter and other engineering specifications Sim- 



•Cboropleth iraps portra> patterns or^ distributions of various 
absolute or relative phenojnena b) incorporating these data 
within preexisting boundane* of ar»i units such as mihor ci\jl 
divisions, counties, states and countnes of blocks census 
tracts, economic' regKHis planning regions and neighborhoods 
Tbeir boundar> patterns differ from other isolirw*map patterns 
srfch as isotars (equal t»fornetoc pressures) or isohyets [equal 
(MvcipiUtion toUlsl because tne data themselves are lised tcvfprm 
the areaJ boundary independent of an> preexistmg boundarv 
For example, lines portrsying density of population in the I S 
can follow county boundanes as the limits' of a ^particular 

' dmstty. or they can connect points of equal (fensitv to form 
population density boundanes The former lines portrav popula- 

^tion density rta choropleths the latter show -p^^pulat ion densitv. 
via Lftolioet (For enaoiples of choropieth rflaps see Figures 21 
22. 24. and 26 I 



ilarly. ^n atlas prepared for sclioof children is best 
judged by the users in terms of their increased* 
^derstanding of the parth than by the subjective 
impressioris of educators.^dnilfiistrators. and par- 
ents Unfortunately, loo few surveys of user'needs 
and of the actual meaning derived fjom maps have 
been conducted" J^oreover. acclaim by other cartog- 
raphers is no guarantee that a map is most suited to 
its intended«audience. 

InfOTmation Theory * 

^ Since maps are intended to transmit information, 
a useful means pf studying the cartographic com- 
munication process is found in information, theory- 
The generalized communication system 4Figurf 5) 
origmall>^diagraramed by Johnson and Klare (1961J 
and ITsed in sevwal rfecejit essays on cartographic 
communication {Boards 1967:673: lolHffe. 1974:176; 
Robinson and Petchenik. 1975:9) provides a conve- 
riien^ starting point. This set of linkages can be used 
to model any typi^of information flow system, such 
as radio, speeck. newspapers, and maps. Its end 
points, labeled **source" and "destination." are the 
originator and the recipient of the messages, sym- 
bols. oi; other discrete signals flowmg through the 
system At ^ts more advanced levels, information 
IheoFv endeavors to express mathematically the 
amount of mformation transfened from one stage in 
the syst^ to the next Foi^-di^fenssions of carto- 
graphic communication, however, information the- 
ory can be used to indicate the different places 
where errors can enter the system; efforts might 
then be made to optimize the use of maps 

,\s a message withjn a communication system 
proceeds from source to destination it takes differ- 
ent forms. The first change occurs when the mes- 

* sage iv converted to code, as in the case of an idea 
written as a series of letter? and purictuation marks 
Next, a transmitter produce a signal that is carried 
by a cbmmui^^ication channel, such as electron^ag- 
netic radiation, r^rve Fibecs. or wires, to a receiver. 
After the message is' received, the resulting Qode 
must then be decoded befoSre dehver>* to the desti- 
nation • , * ' 

The channel's carrying capacity might limit the 
amc^nt or rate of informdlion flow** through the 
system Ordinary telephone m^tes^iot instance, are 
usually adequate for signals transmitted for voice 
communication bcK cannot handle the more fre-. 

* quent signals a digital computer might generated in 
this, instarvce the rate of transmission must be 
slowed down or the quality of the circuit upgraded 
Moreover, a message might be made more difficult 
to receive and decode if noise, say. cross talk during 
a ttlephone conversatipn. enters the channel In 
general, noise is an unwanted signal that can or 
.cannot be decoded. Noise mi^ht be incoherent or 
meaningless, as when crackling occurs during a 
telephone conversation, but coherent or meaningful 

' noise cap also occur Unwanted signals coherent, 
with the desired signal are also called disfprtion, a 
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term that describes the poor sound quahty of a 
(3itep radio or the result of looking intQ a fun-house 
mirror at an amusement park These are some of the 
more pbvious types of distortion, all ccrmmunica- 
tion systems introduce distortion as they convey 
information 4 Voung. 1971.7). * 

^ A device that rejects certain signals, suc^h as radio 
Vaves not of a preferred frequency, while accepting 
oth«^. is caJled a /iiter Filters can screen out some 
noise or simplify more complex signals They are 

. not restricted only to receivers voice coder, for 
example, has an analyzer unit v^ith a series of filters 
that decompose speech signals into different fre- 
qliency bands before transmission through a chan- 
nel to a s>Tithesizer that remakes these signals into 
speech (Pierce. 1961 135-137) The resulting sounds 
often resemble a cancature of the original speech 
but are recognizable nonethe^ess Thus wuh the 
addition of filters, even Our model of a generalized 
communication system can be more complex than 
tha^discussed above .Other worthwhile modifica- 
tions recognize that, since all messages, transmit- 
ted< ^oded. or received, are signals flowing through 
ch^oi^ls. noise or distortion can enter a communi- 

^catiDinlsystem on either side'bf the primary channel 

A McKlei of Cartographic Communication 

The flow diagran) of a generalized communica' 
tion system can be made meaningful to cartography 
only if tht number x»f stages is Increased and filters 
ar^ added. Furthermore, except for mishandling in 
transit or by other users, nuise enters the system not 
at the main communication channel — the map — but 
at interfaces between other, adjacent* stages m the 
system. In addition, a model of map communication 
must recognize ^hat some of ihe cartographic func- 
tionaries play a dual role within the context of 
information theory. For instance, the map authoF is 
both the source of the map's mtent and the encoder 
of rral data, whereas (he cartographer, who might 
might not be the same person as the map author. 
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IS both an encoder who chooses map symbols and a • 
transmitter who positions- them on paper or on 
drafting film The map user is the receiver, the 
decoder, and the destination The model pr^nt^d 
here (Figure 6) is an amplification of a diagram 
develops! by jolliffe (1^4) 

Although the m^sage ongmates in reality, the 
source of the map's intellectxial content is the map 
author The id^ contained in the map depends, in 
part, on what the author knows abo^t reality Real 
noise describe? extraneous (or erroneous) inforrna- 
tion that might be introduced at the linkage be- 
tween the real world and the map author, this noise 
IS fully or partly countered by a data filter whereby 
irrelevant details are ignored This filtering mighty 
be done by the map author who \iews the real* 
worlcf selectively or by a data-collection agency, 
such as the Bureau of the Census or the Geological 
Surveys which publishes documents presenting a 
necessarily limited, and pc^sibly biased, version ot 
reality. Obviously, this part of the diagram could be 
far more elaborate, but any amplification of this 
stage is ipore appropnate to discussions of scien- 
tific mSlhod and research design than to cartogra- 
phy 

VVha^the author tells the cartographer is filtered 
by what the author views as the intended meaning 
of the map An author unclear about a n^ap s mean- 
ing or purpose imparls undue author noise to the 
system. An author not fully aware ofihe limitations 
of maps might decide to use a map when some 
other form oife&mmunication would be more eff«:- 
tive \\Tien autnor and cartographer are not the 
same individual, problems might also arise from the 
transfer of inexact ^instructions. Moreover, thfe car- 
tographer is handicapped if not aware of the final, 
reproduced size of the map, since map size is an 
important determinant of optimal generalization 
and symbolization Finally, an author t^rtorant of 
the intellectual or sensory' capabilities of the map 
jeader might well -request a map too visually com- 
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Figure b Model of cartographic communjcation (modified from jolliffe. 1974) 



plex to be understandable* ^ | 

The cartographer can confuse^ the message by 
adding designer noise Type might be too small to 
be read, symbols might not be r^diiy differentiated 
by the reader or tbfe map mignt have a sloppy 
layout or clashing colors that tend to distract the 
reader Similarly, a map that must hold the atten- 
tion of a marginally interested reader might be too 
drab of commonplace Other kinds of designer 
noise include the method-produced errors men- 
tioned earlier in this chapter A desjgn filter can 
contribute to effective communication by removing 
unneeded detail that has somehow progressed 4his 
far in the flow from source to destination Yet. 
although noise is almost universally undesirable, a 
filter can exert both positive and negative infla- 
ences Too much geographic detail might, for in- 
stance, be removed leaving the reader with an 
inadequate locational framework A map reader, 
after alj. must be able to relate the symbols to his or 
her knowledge of reality 

* At the printing stage xf*pxodu(iX\on noise ca» ■ 
further distort the message Color plates might be 
offset, thus yielding' poor color registr>* — the over- 
lap or underlap of different colors often noticeable 
in the Sunday comics Sloppy printir^g also in- 
cludes the loss of^ !ype during plate-making (when 
labels have been known ta fall off a drawing) and 
the use of paper too porous to retain fine lines A 
^ood cartographer will understand the limi|s of^the 



» printing proems and will examine press proofs The 
printing stage has no corresponding reproduction 
filter, the use of too little ,ink to produce a crisp 
in^age.can be treated as atiother form of reproduc- 
tion noise 

Differentiation gf stages in cartographic commu- 
nication IS less obvious after the map has been 
printed The primar>' receiver is the map reader's 
visual sensors, c^ut attitb^des toward Iwth the ijiap m 
question and maps in^ general wiJl influence 
thorougnness with which the reader 5cans ttje fWap 
If the map is uninterestirTg or if the reader is 
indifferent to or refuelled by maps, the map imght 
be examined superficially or tot at all Tlie reader's 
intelligence and knowledge will also affect map 
de^:oding ability, but |he complex interrelationships ' 
of^these concepts warrant their consideration as a 
single factor Finally, the reader s possibly in- 
creased understapding of reality^ as a result of 
studying the map is another aspect of the message's 
destination Separating these* four stages m the 
diagram (Figure 6) is confounded by the continuous 
feedback occurring as the reader responds to one 
map symbol and then decides whare olse to look 
For a more detailed distussion of m^p use and 
cartographic communication, see Robinson and 
Petchenik (1976) 

Perceptiot^ and cognition are botji involved in 
map refcdmg Perception, whereby direct Acquaint- 
ance with a stimulus is obtained through the sen- 
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ses. precedes cognition, in which the mmdjbecomes 
sufficiently aware of bbjecls or sfmbols to idehtif\ 
them and -to initiate actioi\as well A person touch- 
ing a hot stove, for instance, perceives heat as nerve 
endings^ in the fingers send messages to th& bram. 

' 'when cognition occurs he or she rapidly withdraws 
the bumed hand and shouts an appropriate exple- 
tive. When reading a map. the reader s visual sen- 

^ sors might perceive the relative magnitude of a 
graduated circle representing the value for San 

•Francisco. Cognition occurs when the re^er begijis 
to look farther south to find the circle symbolizing 
California's other major city. Los Angeles In carto- 
graphic communication these two processes are so 
intertwined that Ihe term perception is applied, for 
convenience, to all acts of observing symbols and 
estimating their size. col9r. and shape Cognition is 
thus reserved for acts of spatial recognition m 
which these symbols acquire meaning irr terms of 
place or pattern 

Perceptual noise might deceive the map peader by 
altering, for example. ihe'aplJarenl relative size of^ 
circle Areas of larger circles are m this case 
visually underestimated relative to the areas of 
smaller circles Perceptuai filters act temporarily to 
screen out marks on a map when two or mare 
stimuli, such as overlapping graduated circles are 
in conflict Anothef example of perceptual filtering 
i^ the figure-ground pl^enomenon whereby a signifi- 
cant syaaboi stands out from the surrounding 
ground detail with which it shares the field of view 
(Figure 7) Poor tonal contrast on a black-and-white 
map is but one design error that might confound 
the emergence of the figure from the ground (Dent. 
19/2b) On maps pnnted in color, differences m 



hue. brilliance, and tone generally facilitate figure- 
ground differentiation Polychrome (color) maps, 
therefore, can contain a greater variety of symbols 
and more information than monochrome drawings. 
But even color maps can be loo complex for ready 
perceptual filtering if their design poor or if the 
author attempts tp cram too many different l\pes of 
information onto the same map The effective ca- 
pacity of the map as a chmmufKcalion channel is 
thus constrained by4he limits of the reader's per- 
ceptual filter 

A map reader can be uncomfortable with maps in 
general, bored, distracted, or only marginally inter- 
ested in what the map is attempting to show In 
these cases vigiiance noise enters the communita- 
Uon process ^d much useful information, includ-. 
ing the whole meaning of the map. might be lost 
thrcfugh inattention Irv the extreme, the reader's 
attitude filter might lead to ignoring the map com- 
pletely Altitudes, which can be either positive or 
negative and which play important roles wi all 
forms of behavior (Doob. 1947), are anjmportant 
aspect of cartographic communication Clearly, pos- 
itive-attitudes toward^aps should increase the 
likelihood that the m^f^ge intended by the map 
author will reach its^estination Negative attitudes. 
wh^Ji deter communication, might be. beyond t|1e 
control of the map author>+iowe\er. in some case's a 
map with an eye-catching design might overcome a 
negative attitude and catch the reader's atlentidn 
Dent 11975} addr^$5ed this prolilem, and Petchenik 
(1974) employed pajrs of bipolar adiectives^ sucn as 
"helpful hindering " to determine' readers' atti- 
tudes toward coaps Theit approach might help 
cartograpfiers identify map designs particularly ef- 




fective with otherwise uninterested* readers. 

Ignoring symbols not relevant to a particular 
map-reading task ocxurs at the destination-decod- 
ing stage. Here the intefTpnetation filter permits the 
reader to overlook -extraneous information and to 
assemble useful feaf\ires into a meaningful inter- 

S^tat^n of the mapTMistaies. however, are possi- 
e and probable, especially if the reader i^ ignorant 
of the map's subject matter or the region Hence. 
iBterpreiotief^ noise c^ obscure the intended 
meaning. Moreo\'er, since the mental processes in- 
volved at' this stage are purely cognitive, the 
reader's increased understanding of reality might 
well exceed that intencjed by the map author (Ro- 
binson and'Petchenik/l975J4-12). Thus, any user 
survey, which provides a feedback loop for gauging 
the effectiveness of this communication system, 
must recognize that increased understanding or 
^confusion following the reader's use of a map need 
not stem solely from the map itself^ 

This model of cartographic communication, al- 
though iitsdequate in its description of the mental 
operations accompany ing map reading, might serve 
to highlight some strengths and weaknesses of 
maps as communication channels Although the 
map author and cartographer have control over the 
map's content and graphic composition, they must 



be aware of perceptual limitations: otherwise. th*y 
might ask too.muih of the teader They must 
eliminate undue compjexity and attempt /to 
heighten inter^sf in their mapped-message. AllAoo 
often maps are sloppy, bland, or ^poorly integrated 
with the accompanying text. Can the read^ be 
condemned for ignoring this type of map? wthirT 
limits, maps should be interesting as well as/^ccu- 
raie. / 

jftcorrecf interpretaUons ^re the- like>y -conse- 
quences of poor map-reading and analysis skills, 
and of a poor grasp of the geographrcal processes, 
associated with the mapped phs^mena. When 
these interpretations are translated into actions, the 
outcomes can be serious. N^only might drivers 
become lost, confused^ apfl more likely to have 
accidents, but pi^n^^i^^and military decisions 
based on enuueaus map reading can have grave-' 
social, economic, political, and human costs. Is it 
any wonder then that the military places great 
emphasis on training in and research about map 
reading? Should not our general educational system 
do likewise^ 3ecaQise maps y^re indispensable for 
many tasks, educalors at all levels should respond 
to this basic fv^^d The public has a right to know 
when and ho\i to use maps ' 
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III. PROJECTIONS AiyO PRAGMATISM 



Projections, one of the' distortions required on a 
flat map-representmg the spatial j^tionsbips of a 
curved surface, can Jbe an important source of de-^ 
signer noise im cartographic communication Since 
distortion produced by common map projections is 
more apparent at th^ global or hemispherical level, 
projections are less likely to thwart effective carto- 
graphic communication at. larger scales (showing 
sm%\\ areas^for which suitable base maps are read- • 
ily available from international, national, state, and 
local mapping agencies. The most effective map 
projection, however, is not ^tways obtained by the 
thoughtful selection of an acceptable existing base 
map: a mapping task is often better served if*^e* 
requirements are met. by^a projection designed, 
rather than chosen, for a particular need Neverthe- 
less, in practice, projections are all too often chosen 
for convenience: they might not hinder, but neither 
do they help the map. a, ' 

Inappropriate choices of. projections. now\ rela- 
tively rare otxurrences. are most common among 
professionals in the communications industr\' not 
trained in cartography. Graphic artists, for instance, 
although highly skilled in design and production 
methods, usually know little more about maps than 
does the average person— the target of their adver- 
tisements, graphs, and jVctorial layouts Ironically 
their cartographic work is often among the best in 
design and innovation, but they make_e^ors stem- 
ming from nonexistent training in the principles of 
.mapping. 

Early in December 1975. for instance. Fresidenl 
Gerald R. Ford visited the People's Republic of 
China,. On the presidential flight between Washing- 
ton and Peking, he stopped ov^r in Alaska, at 
Fairtenks and Anchorage These stops permuted 
the presidential party to view the trans-Alaska prpe- 
line. and American news media gave this part of the 
trip front-page coverage One television network 
mapped the route and the stop-over with continen- 
tal outlines from an eqtiatoriafty-centered cylindri- 
cal .pr^Wtipn. This spatjal perspective greatly dis- 
torted the/purpose of the Alaskan stop, since Air 
Force .One did not go out of its way to land in 
Alaska, ^gnomonic projection, which portrays all 
great-circle routes* as straight lines, demonstrates 
clearly th^t Fairbanks is along the relatively direct 
route betweyi WashingtorK and Tokyo, where the 



•A circle formed on the surface of a plane passed through the 
center of tfie earth The shortest distance between two points on 
a sphere is the arc of the cirrumference of a great circle 



plane was again refueled enroute to Peking fP'igure 
8) . 

This misuse of one type of map projection also 
illustrates how another protection could have been 
employed effectively and accurately Although both . 
'projections distort the Earth s surface, the gnomonic 
map would not have distorted the significance of 
'the AFaskan visit. Yet, its straight-line representa- 
tioH 'of great-circle routes limits the gnomonic pro- 
jection to maps concerned with direct-route naviga- 
tion Distance, angles, aiga^. and shape are ail 
subject to substantial distortion, particularly at the 
periphery of the map. in order^that one aspect of the 
Earth's geometry — direct routes — be preserved 

there are many instances* m which the effective 
use of a projection is'quite limited : For some* 
applications., moreover, the best projection has yet 
to be developed. This chapter, in exploring further 
the design .met associated witH projections, dis- 
cusses the construction of somq easily drawn, one- 
of-a-kind projections that focus their distortion to- 
ward, not away ffom. the intended message of the 
map 

Th^ Mercator Mystique 

Networks of tibs of palm leaves' were used to 
represent routes and yvave patterns bet ween, the 
Marshall Islands, these crude stick charts were 
among the earliest maps Later nautical maps of the 
thirteenth certtua' also portrayed routes as straight 
lines, these pQx^lan charts were ornate maps with 
compass roses oriented toward magnetic north 
(Thrower. 1972 38-42) Coastal features v^^ere em- 
phasized along with compass bearings, between 
ports As larger parts of the E^rth were mapped. 

. navigators' and cartographers became aware that 
lines of constant geographic direction, called 
rhumb lines or loxodromes. could not remain 
straight without a progressive increase in scale from 
the Equator poleward Except for north-south or 
east-west orientations, rhumb lines on the globe are 
spiral routes that, in theory, would'circle the Earth 
an infinite number of tim^ and never readfi the 
poles When mapped as stra'ight lines, rhumb lines 
require an increased poleward spacing of parallels 
Yet. their representation is a b8on to navigators 

' who have oply tp maintaiti a constant course in 
going from one point to another. 

An easily replicated solution to' this problem did 
not -appear until the latter part of rhe sixteenth 
century, when Gerhardus Mercator developedyhe 
projection that bears his name Bom m 151*2 in 
Flanders. Mercator was a skilled engraver vyho 



Figure 8- President Ford's Oight from^W ashing to rr to Pekm^ 1975 A standard alindrical prijectjon (JeftI por1«yrthe' 
Alaskan rest sXop as a significant departure frofn a direct route whereas a gnomonic pro'jection (nght) indicates that rhis 
stop represented httle deviation from a great-cSrcle route 



produted one of the early globes As a l^nd sur- 
ve>'ar. he prepared maps of E^irope and, in 155-i, he 
wa^ the first to use, a conic projection with two 
standard parallels His greatest achie\ement. how- 
ever, was the desigrrof a world map projection on 
/which rhumb, lines were straight. Imes intersecting 
the meridians at a constant angl^ Thus with the aid 
of a protractor, the bearing feast or west of nortfi) of 
a rhumb line between twp ports- can easily be 
estimatecl. 

Rhumb linjBS. however, are not shortest-distance, 
great-circle routes These direct roules generally 
appear as curves on a Mercator projection (figure 
9). Nonetheless a course can be divided into severa) 
shorter segments, each of which has a separate 
rhumb line that approximates more closely the" 
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ca! application During the late 1930s, Nen'sweek 
still used the Mercator (Ristow. 1957 367). and thfs 
projection was also a convenient tool for Nazi 
geopolhicians and propagandists (Boggs. 1947.471). 
During the 1950s the Mercator s enlargement of 
northern areas made it*a favorite of persons wanting 
to exaggerate the Commumst threat (Figure 9) Even 
today, nxaoy outline mips used for geography units 
^n elemer^tary schools are based on the Mercator 
grid 

Between 1910 and 1920.' p Paul Goode fltperi- 
mented with interrupted map pfo}ections At this 
time, the Mercator was still the most common 
prbjj&ctv*)n for world maps in school atlases* Al- 
though It distorted area, the Mercator projection 
was at least familiar A few equal-area projections 



great circle linking th6 terminal points of the loft^ ba^ been used in classroom atlases before Goode. 



route This practice can shorten an otherwise 
lengthy voyage and also allow for intervening land 
masses. . 

* The^increasing poleward spacing beVween paral- 
lels was determined empirically by Mercator. al-^ 
though Edward Wright, an English mathematic^. 
derived the formula urrtJerlying' Mercator'^ijjimip 
consffuction 'in 1590 Despite*its curr^riJH^i^^ 
spread useKor marine and air navigatiorKtroppro- 
jedion was not readily adopted by naviga(tors of the 
sixteenth and seventeenth centuries (Thrower. 
1972:55). Once its merits were recognize'd. how* 
ever, the use of the Mercator projection— in a clas- 
sic example of ttoo-little-too-soc/n. too-much-too- 
late^was extended well beyond its intended nauti- 



b^ none gained widespread acceptance, most 
likely because poleward f^ures were compressed 
either as |he spacing between adjacent parallels 
decreased on as other meridians were drawn inward 
toward the central mendian at the top and bottom 
points of the projection. Goode developed his hom-., 
otesine (equal-area) projection by contbinina th^ 
homolografjhic (for areas po\ev/%i4t^o^^0^\^S^ 
and the sinusoidal (f««^areas equatorwafd of 4tf* 
l^itude) projections, each of which would give the. 
best equal-area attributes for the areas to brf"' 
mapped Goode divided the Earth s land masses 
into twelve zones, each of which h<ad its own 
locally centred projection (Figure 10). In this way 
he reduced the ^istortion of shape for each zone. 
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Figure 9 Distortion of distance and area on a Merr.ator- projection A shortest -distance great 
lengthy arc. and polev^ard stretching 'amplifies the land area of the C^bmmunist world 



'Circle^ route 



appears ^ a 



these twelve projections were then spliced together 
with parallels interrupted over ^vater between North 
America and Eurasia between South America and 
the islands of Ihe South Pacific. , between Soillth 



America and Africa, and betw^n Africa and Aus- 
tralia Each lobe extending poleward from the Equa- 
tor was divided mto two separate zones at 4(f north^ 
latitude and 4Cf ^uth latitude (Frgure 10) Goode*$" 




Figure 10 Cioode s interrupted homolosine equal-area projection 
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projection met- his criteria for aa equai-^ea njap- 
v^hioh attempted to preserve the esseptial shapes of 
continents {Goode! 1925:121) Since the l93Qs, this 
and similar interruf^ted projections have replaced 
the Mercator as the st^nda^d, projection for world 
maps of land features Moreover, the variety of 
commonly used projections has increased. therehf>, 
providing. atlas users withia desirable assortment of 
world, views^ 

' -Presidents are often' identiffifd by their home 
state: John Kennedy was from Massachusetts. Lyn- 
don Johnson from Texas, and flichard Nixon. wasi 
bom in Califomia^. Their opponrents also have con-, 
spicuous regional ires: Barr>',Goldwater hailed from 
Ari2^na. Hubert Humphrey from Minnesota. George 
Wallace- from Alabama, and George McGovem from 
South Dakota' Before demonstrating {nalPwial ap- 
peal, a candidate must first gain locaPand regional 
prominence Thus, it istiot surprising that a candi- 
date for the presidency will capture an electoral 
majority 'Within ohe of the countrx'^s major re- 
gions — the industrial Northeast, the 5outh. the Mid- 
west, or the West 

A candidate's" percenfage of the popular vote. can 
be mapped, -but because of our Constitution, a 
simple ma^rity in a state giv^ a dahdidate all of 
the slate s electoral votes As an extreme examp!©i a 
map of McGovem'$ winnings in 1972 — Massachu- 
setts and ihe- District of Columbia — shews nothing 
more than voids in Nixon sMandshde Even allow- 
ing for the electoral college and unit rule however, 
the 1972 McGoverri map would be misleading ^ 
Washwigton, D C^ and the Commonwealth of Massa-', 
chusetts occupy insignificant portions of the na- 
tional map — <) 23 percent of the country 's 3.615.000 
square 'miles — even though they con^tamed a much 
higlier percentage-^ 3,2 peftent — of the 538 elec- 
toral ballots cast m thai eFection Because their 
population densities ar>-felatively high, a newspa-- 
per or magazjne using a base map with an equal- 
arte projection would only further enhance the 
RepubJrcan candidate's overwhelming victory 
However, electors not square miies elect Presi- 
dents' - 

Most map readers, of course, could not be misled 
by this example YeU based qji the number of* 
electors m r972. a pandidate need ^only carr>* the, 
.eleven moSt populous states — California. New York. 
Pennsylvania. Illinois. Texas. Ohio. Michigan. Flor- 
ida. New lersey. Massachusetts, and Indiana— to * 
receive a clear majority in the dectoral college A 
r^der viewing an epual-area base map wHh only 
th^ states coltned in might riot, however, see this 
as an obvious. albeH nafrow, victory A perceived, 
absence of areal dominance might also be equated 
with the lack of numerical dominance and lead to 
misinterpretations of other quantitative maps 

Consider, for instance, the world's known re- 
serves of fossil fuels Slightly oVer^ half of the 



w6rld's oil itf in the Middle EasV Even Africa's 
reserve* exceed thc^se of j^orth and South America 
combined. The United States, however»,» compara- 
tivel> well supplied with coal. Its coal reserves, in 
fact, -exceed the conibined resources of Europe and 

• the ,Middle East Although the distributions of po- 
tential oU and coal production coiild be shown on a 
• convenfional equivalent projection with area syra- 
bpls representing different statistic^} categpries (in 
either absolute barrels or tons, -or raj*fcerrels or tons 
per square k^lcrmeter). the resulting maps would 
probabK' not emphasize this nation's short supply 
of petroleum or its aburSdance, of cQal,,Even picto- 
rial symbols, such -as derricks and hopper cars.* 
proportional in number to national qr regionaj sup- 
'-piles, would be only marginally more «fectiv^ C5n 
•Te map for ort, moreover, the Middle East might be 
clustered with overlapping derricks. 

^•^jprhis messagecan.be consijfeyed with greater im- 
pact by redrawing the m^-so that a region's 
mapped area is njade proportional to its energy 
reserves (Figure 11). The resulting contiguous area 
cartogrami can be a higfily effectrVe map projection 
if the. identities of the ujdiyidual mapping units are 
not destroyed as ^re^ ifc distorted. Although not a 
conventional map projed^ft^^'^he carlogram is a 
transfor^tion.of space t^f^tiares basic mathemat- 
ical properties with "moT&^ditionarraap projec- 
,tions {Tobler, 1963). Tl^.oistortioil of land area to 
achieve equal density so that, for instance, one' 
square centimeter anywhere on the map represents 
the same amount of coal or oil, is its identitying and 
most valuable property^. Erwin RaTSz (1934), «ji 
early advocate of these projections, used cartograms 
to illtistrate' geographic difference in population, 
national wealth', value added by manufacturing, 
value of farm products sold, and other economic 
variables. Raisz recognized the cartografh*s value to 

" bqth education and business. 

In addition to more direct uses in which areas are 
merely distorted and possibly^entif^ by hame, 
area cartograms can ^Iso served us^fiil.base maps 
for shaded area symbols. Since most western peo- 
ples are concentrated in and around cities, for 
example, area screens placed inside the outlines of 
relatively small urban enumeration districts- a're 
generally .inconspicuous wheli compared to the area 
symbols representing more extensive^ rural regions. 
Since metropolitan populations differ in many re- 
spects from rural populations, the minimized visual 
impact . of ^rea symbofs representing city units 
yields unrepresentative mapped })attems. When a 
cariogram based or> population is the base niapt 
however, the reader is presented area shading sym- 
boU wrth areas directly p'roportional to their signifi- 
cance. These demographic base maps can be devel- 
oped fpr population subgroups a$ well as for total 
numbers of inhabitants (Forster, 1966), Thus, the 
death rates of blacks-can be shown On a cartogram 
based upon the more germane black population. If 
the region mapped is marked by geographic differ- 



# 




THE WORLD OF OIL 



THE WORLD OF COAL 



Figure 11. Cbntiguoi^ area cartogram showing worldwide patterns of oil and coal reserves (courlesy Exxon Corpora- 
tion), i ^ ' • • • 



ences in concentration' between blacks and other 
racial groups, this type of map is less liJcely to result • 
in misinterpretations than a conventional display 
that would* for example, overemphasize the spatial 
trends for relatively small numbers of rural blacks 
in the Northeast. 

The construction of a contiguous, area cartogram 
requires only a standard base map (Figure 12-A), a 
sheet of graph paper* a straight-edge*. a pencil, and a 
good eraser. Begin by simplifying the bounjjBries 
(Figure 12-B). Since map readers generalize shape 



menfally. ten-^or fewer points that serve as cu^ Cor 
shape identification will psually be adequate (Dent, 
1972a). Next, convert the numerical values for these * 
areas into the number of grid squares that they will 
occupy on the grapTt^ paper. In this example the 
estimated 1975 populations ^f the six New England 
states ^re given in thousands (Figure 12- A). Divid- 
ing New Hampshire's value- of 813 by a scaling 
^stant of 25 yields 33 squares (8^25' 3 J). This . 
arbitrary . ccmstani was chpsen so thai, for this jw- 
ticular grid, the ca^ogram ^^11 be neither too small 

■ ■ • ■ \ I 
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Figure 12 Stages in the construction of a contiguous area cartogram 
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ner so large that all of New England would be 
compressed into a shapeless rectangle. Apply the 
same constant to find the numbers of grid squares 
for the other five states (Figure 12-B). 

Transfer theo^tprted shapes^^to the square grid. 
beginijiHg with a stdteMar the center of the region. 
Adequate space musTSeavailable on the sheet for 
the other states and for the unused ^pace rieeded if 
their Shapes are to be pdrtrayed realistically. Massa- 
chusetts, for instance, is to have 233 blocks, but 
make allowance for the 16e blocks of Coimecticut 
and Rhode Island to the south and for the eastward 
extension of Maine. Expa'iment with different dis- 
torted shapes to approximate the true shai>e and to 
^maintain the correct number of cells within the 
outline. An area! unit qan be built up through* the 
accretion of rectangles and triangles, the combined 
areas of which should match the number of grid 
squares specified for the slate (Figure 13). Use of 
tfiangles permits diagonal boundaries and avoids 
blocky shapes. A trian^'s area can be determined 
readily by dividing the area of the rectangle that 
encloses it by two. Thus a triangle two c^lls wide 
and three cells tall has an area of three. 

in .this example. Connecticut and Rhode Island 
are added, below Massachusetts with little difficulty 
(Figure 12-C). Vermont and New Hampshire, how- 
ever, are problems because population density is 
lower in northerti New England than in Massachu- 
setts. Since contiguity (sharing common bounda- 
ries) is to be^resen'ed as 'an important supplement 
to the, shape cues, these two states are m^ped with 
relatively sn^ll northward extents. Although sev- 
eral cue points must be sacrificed. New Hamp- 
shira's Atlantic shoreline is preser\'ed Since Maine 
is contiguous only to New Hampshire, the essence 
of its shaRe can \^ retained with little difficulty 
Finally, an area l^encl or anchor stimulus is added 
so that the reader can jelate area on the cartogram 
to numbers mhdbitahts, since 25.000 people are 
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Fig^ure 13. I^econstruqtion of the Massachusetts outline 
by addmg rectangles and triangles < 



represei>ted by one grid square, 16 cells (4- x 4) 
represent 400.000 people. 

Not all contiguous area cartograms can be con- 
structed as readily as this one. Extreme variations In 
derisity make the preservation of botl^ shape and 
c6ntiguity difficult. A cartogram biAed on the pop*, 
ulations of Canadian provinces and territ(»ries. for 
example, caimot portray adequately the Yukon and 
the Northwest Territories: which had 1966 popula- 
tions of only 14,000 and 29.000 respectively. Fur- 
thermore, no matter how accurately the generalized 
</ shapes of soihe areas might be rendered, the car^' 
gram is largely ineffectual if the original shapes of 
these areas are unfamiliar to the reader. UnCaxnHiar 
outlines^ are common with census tracts, minor civil 
divisions (townships, towns^ borough^ and vil- 
lages), and even counties. Although labeling or 
including a standard map as a^ legend or inset might 
help in some instances, a large number of areal 
•units or extreme density variations might preclifil»«> 
legible labels. Thus, the4)revious experience of the 
tnap reader and the mapped phenon^enon itself are 
constraints on the utility of cartogra^ns. 

If contiguity is sacrificed, shape can be preserved 
in much greater detail. The resulting noncontiguous 
area cartogram can be constructed with the aid of a 
projector or can easily be d^awn on a line plotter 
controlled by a digital computer (Olson. 1976). The 
areal unit with the greatest density is usually cho- 
sen as the basis for the scaling, and the areas of all 
other enumeration districts ate scaled dowrnward in 
proportion to their numerical values.' Each areal 
.unit is still centered about its original centroid on 
the base map. 'but most outlines contract inward 
(Figure 14). The 'result is a proportional symbol 
map where actual shape determines the form* of 
• e^ch symbol Density variations cannot inhibit the 
effectiveness of this type of cartogram unless some 
units are allowed to collapse -to a mere dot Yet. 
even if this should occur, these dots are meanfngful 
. symbols with meaningful locations relative to the 
other symbols on the map. 

Distance Transformations * 

Maps are not th? only distortions of distance. 
Since few roads are aligned with great circles, the 
highway. network distorts the $pdce nian uses. Even 
airline routes are not usually direct because naany 
flights detour somewhat from relatively straight 
routes to serve intermediate airports, and because 
air currents and safety demand departure^ from 
great-circle routes Furthermore, distance, whether 
direct ofcircuitottt, is but one method* of describing 
the separations- of placed: movement over space of 
*per^ons, merchandise, or messages is affected by 
distance: time, and cost. By telephone. City Hall is 
as^close as one s next door neighbor Yet. because of 
socioeconomic and cultural differences, social serv- 
ices, such as legal advice and medical care, might 
be inaccessible to low-income families even when 
layvyers and physicians are easily accessible by bus 
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Figure 14.. A noncontiguous area cartograxn^jfrom Ol- 
son, 1976) Reprinted b\' permission of the Association of 
American Geographers 



or. telephone. This social distance is very real, 
although not readily measured, and explains why. 
for example, a ghetto youth might make a substan* 
tial detour around another group's turf. 

Travel distance, travel time, transportation and 
communication costs, and social distances tan all 
be mapped. Although the relative positions of 
points can bte reconstructed, from distance or dis- 
similarity measures by multidimensional scaling > 
methods, a digital computer and'a relatively com^ C 
plex program are required {Tobler et ai.'. 1970). 
When the map is to, focus on a single place, how- 
ever, its construction is relatively uncomplicated. A 
base map, blank sheet of papier, pencil, and measur- 
ing scale are the only materiab required. The focal 
point and the places separated from it by a space 
'distortion, such as 'driving time, are first located on 
the base map. Then radials are drawn from thfi^ 
center point X through and beyond the periph^al* 
locations (Figure 15-A). Next, an apptopriaXe scale ^ 
is used to relocate these places on their respective 
radials (Figure 15-B). Riially. for the convenience 
of the reader, circular arcs are drawn at selected 
intervals and labeled sb that a plaGe*s position 
relative, to the foc^ pCHnt can easily be related to ^ ^ ' 
the distortii^ distance, time, or cost (ftgure IS-Cf.*' 
Although n(A required, polar coordinate graph pa- 
per, which has evwily spaced concentric circles', is 
helpful in producing tnis type of maTp. 

Interpretation of these j^istance-iransformation 
maps, which are also called liriear cartogratns. is 
straightforward. In the previous examples for in- 
stance, places less directly connected by road with 
point X 9re displaced ootward relative to places 
linked more di^^ctly with X (Figure IS- A and Q. 
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Figure .15 Stages m the construction of a distance-transformation map.. 
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This method can be even more useful when com- 
iwring two Of more phenomena. Different distor- 
tions' of distance from Syracuse. New Vork. for 
example, result from telephone rates and airline 
fves (Figure 16). Since, on a distance basis, intra- 
state telephone mtes are higher than interstate rates, 
a call to New Vork Qty costs mwe than one to 
Seattle. Bingfaamton and Watertown. both within^ 
Hew York State, also have higher rates than their 
distances from. Syracuse would suggest. Airline 
rates, which reflect both flying and termmal costs, 
^ more closely related to gr^t-cfrtle distances. 
Yet Binghamton. with no direct flights from Syra- 
cuse, is "farther a^ay" than New Yoi-k Qty in 
commercial aviation space. Other variables can be 
portrayed, such as the cost of mailing a first-class 
letter, which would equalize all destinations by 
pl$dng them on a single concentric circle around 
the. focus. Moreover, this approach can be used to 
illustrate changes over time as rates mcrease and 
transportation network^ deveiop further. The 
method is simple and direct, and the reader can 
readily comprehend the map*5 meaning. 

« Stepped Statistical Surfaces 

A map of populathDn distribution is. m a sense, a 
view of the total number of people within a region 
where density varies from place to place. For a 
homogeneous region, lotal population can be 
thought of as the volume of a three-dimensional 
prism (Figure;! 7) The two horizontal dimensions. 
X and y. describe the region's land area, and the 
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POPULATION DENSmr = POPULATION / AREA . 
POPULATION = POPULATION DENSITY * AREA 



Figure 17 Pnsm representiDg>population as a v6lume 
and population density as its height. 



vertical dimension Z is a scale for average regional 
population density. The formula for the volume of a 
pnsm-^-area of the base multiplied by height — thus 
becdmes area times population density. Since pop- 
ulation density is measured as number of people 
divided by area, the volume is simply the number 
of people^n the region. 

People, of course, are not uniformly distributed 
over space. Thus the surface of a three-dimensional 
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Figure 16. Distance-transformation maps focused on Syracuse. New York 
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object representing populatioi) density is not a 
horizontal plane. Areas with high concentrations of 
population should appear as peaks, whereas^ large, 
sparsely pop^atedjpart^ of the region ought to 
resemble lowlancisTThese thr^dimensional varia- 
tions of density can be represented by either a 
smoothed or a stepped surface (Figure 18). and 
various method^ can be used to yield appropriate 
levels of jgeneralization {Cuff. 1975), In the specific 
case of a stepped surface, however, e^ch county, 
tqwnship. or other census division is a separate 
pr\sro with a height proportional to its population' 
density. 

Thtee-dimensional views can be plotted rapidly 
by a digital computer driving a high-speed pen 
plotto". Plotter mapping programs, such as SYMVU 
(Schmidt and 2Laffl. 1975). permit the cartographer 
to vary orientation, vertical scaling, height of the 
vantage (>oint» and piap scale Perspective views, m 
which 'more distant points have smaller scales be- 
cause they are farther away from the viewer's eye. 
are possible, but isooMtric views, with no sunilar 
scale distortion, can be drawn more easily than 
perspectives Isometric-orthographic graph paper, 
available in most stores selling engmeenng sup- 
plies, also aids in the manual construction of an 
isometric stepped surface. 

^ The procedure is relatively simple First, trace the 
regional outline and internal boundan^ onto a 
sheet of square-grid graph paper (Figure 19-A)- The 
relative orientation of the grid lines and boundaries 
is important since, in this example, the area is to be 
viewed from the lower right; places closer to the 
upper left corner of the grid will then ^appear 
toward the rear of the stepped surface. Next, trans- 
fer the boundaries by eye to the isometnc gnd Note 
that the squares are represented by diamonds on the 
isometric-orthographic paper When the rectangular 
frame of the base map is transferred to thil grid. 



however, it will still fiave the same number of 
divisions^ to the left aL] right of th^ foreground 
pK)int (indicated by the arrow) that it had on the 
square grid (Figure 19-B). Relocate end points of 
straight and cur\'ed lines on the isometric grid by 
counting the number of divisions these points lie 
from the left- and right-hand edges of the frame 
around the region Straight lines on the square grid 
remain straight on the isometric grid; simply con- 
nect their end poinlls Transfer curbed lines by 
carefully noting the relative distance^ befween in- 
tersections where they cross grid hnes. If a bound- 
ary line meets a grid line halfway between two 
intersections oti the squa^grid poper. for instance, 
it will cross the isometric grid line midway between 

^ the. corresponding nodes. 

After redrawing .the boundaries on the isometric 
grid, use the orthographic grid (perpendicul^ to 
the view and to the drawing suribce. i.e.. vertical 
lines on the g^raph ^paper) to position the tops of 

^ pnsms at affnopriate distances above their bases. A 
vertical scale drawn along a vertical orthographic 
grid line specifies different possible heights for th% 
pnsms (Figure 19-C)- The horizontal liries can be 
used as counters in determining^ how far upward 
along the vertical lines the base' points nc^ be 
proiected to form the top of a prism. Once the end 
points of the base have t>een duplicated at the 
elevation determined "by the vertical scale — six 
units upward for the acpa in th^ background of the 
example — use the isometric grid lines to draw an 
exact replica of the prism's base Then connect the 
top ^nd base positions of the end points-with 
vertical tines. 

This process is. repeated for the other areal units 
In this example, the outline toward the right of the 
vliagram is projected upward three units indicatfng 
that its population density is half that of the place 
in the background (Figure 19-D). Finally, all line 





Figure 18 Stepped (left) and smoothed (right) isometnc view* of Alfaprta's population distribution (from Cuff. 1^5) 
Reprtfited by permission of tbfe DcpaiHment of Geography. L'niversity of Alb*rta. 



, Figure 19^ Stages m the coostructioD 



segments iiidden from view are eliminated and 
shading is added to enhance the-three-dimensional 
cfiEect (Figure 19-E). , . 

As with alt mapping techniques. 'isometric 
stepped statistical surfaces have limitations. 
. most serious difficulties result when the surface 
a numb^ of extiCTie lows Qr highs or when mfg^ 
inappropriate viewing angle is chosen. For exam- 
pie, a thieeAlinaensionaJ view of physician-popula- 
tion niioB fcK the New England states with Con- 
necticut and Rhode Island in the foregrpund results 
in the comptete blocking of New Hampshire, a state 
less well endowed with M.D.'s than Massachusetts 
(Figure 20J. Although a view from just south of east 
would at least provide a glimpse of New Hamp- 
shire, the reader might not readily recognize 4his 
state's sko^ coastline between Massachusetts and 
Maii^. Furthermore, a more hreguUr surface Ought 
not have any^ angle from which one can yiew all 
areal units. In inst^ces where the reader need be 
provided with only a general impression of the 
relative locations of .low values^ blocking of on^ 
prism by others -might not preclude using a three- 
dimenstbpal view Consequently, the map author 
must consider both the needs bf the reader and the ' 
si^dial pattCTn of the data in determining not only 



an isometric stepped statistical surface 



vising angle but also whether or not to use this 
method at all When an aoceptable viewing direc- 
tion exists, however, the isometric surface can pro-- 
vide a clear, striking visual impression of r^lity. 




Figure 20 Isoroetnc stepped si^isffcai surface of physi- 
cians per lOO.OOO people. New England ^ates. 1967 
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IV. CLASSinC4TION AND CHOROPLETHIC 

MAPS 



C3K)ropIethic maps present a convenient solution 
|p t)^ hidden-area problem of isometric stepped 
Statistical surfaces. Instead of viewing the surfk:e 
from an oblique direction, a vertical view obvi&tes 
the reoN^val of hidden lines. The three-dimension^ 
eEfod is lost, tnit area shading s>iiibols supplant the 
l^ights of individual prisms as a means of p>ortray- 
ing differeiuies in value (Figure 21) Talle^ prisms, 
representing higher data values, are shown only 
%riih their bases filled with a relatively dark area 
symbol, whereas shorter prisms are depicted b>' 
comparatively light gray-tone screens within the 
outlines of tfa^ir bases. ^ 

Oasnficatiim Error ^ 

A limited^ number of gray-tone svTnbols is com- 
nxmly us^. and the area] units must be grouped 
into categories. Because the number of areal subdi- 
visions almost always exceeds the nunmr of shad- 
ing symbols employed, places with similar v'alues 
can be combiz^ into a single mapipmg categor>' 
represented b>- the same a^ea 5>Tnbol The resultiuf 
cla^fication is* akin ta repr^olmg each area as- 
signed to the same category by ap isomctnc*pnsm 
wrth a height proportional torthe m^n value of the 
class {|enks. 1967) As such/choroplethjc classifica- 
tion is antHl^r form of cartographic generalization 
and anotter source of mor ^ 

Since categories should not t>verUp in value. 
^iK»)t categories are separated from each other by 
class tmeks. A number ime.' along which all places 
are plotted as points, is a useful representation of 
both the data values and the divisions betw^n 
ctasaes. Since different locations for the class breaks 
.will yield different dassificaiions and different map 
p^tems. a choroplethic map is but one of a large 
number of possible choroplethic maps that can be 
produced for the same variable (Figure 22). 

Compact classes, in which th,e values are rela- 
tively similar* are generally desirable* since placing 
units with greatly dissimilar values in the same 
category Jncreases classification error and might 
l^ad the reader to believe that these areas, linked on 
the map by a common symbol, are alike In many 
instances, th^efore, natural breaks 3eparating clav- 
iers of points on the number line are preferred 
divisions between mapping categones. Sin<^ natU> 
ral breaks are not always obvious, however, other 
cla*iffftati(» methods, such as quantities, which 
assign approximately the same number of areas to 
each class, and equal-^ep iniervaU» whereby the 
range tietween the lowest and highest, values is 
divided rnto equal parts, are often used (Figure 23) 



Quantiles provide readily understbod legends; in 
the case of four classes, for exatnple, each category 
contains 25 pert^t of the areal units because tt^ 
reader can readily relate the categories to frequency 
of occurrence The legends for equal-step categori- 
zations can also be read easily because the high an4 
Mow ends of the total range, of data values can be 
shifted outward to provide round-numbia^ class lim- 
lU. such U 0-9 9, 10.O-19.9. 20.0-29.9. and 30.0- 
40 0 Both quantile aQd eqoal-step claasifications. 
however, might subdivide naturally honK>geneous 
^categories and tl^reby decrease the accuracy of the 
noap. 

Classifications are sometimes based on a varia- 
ble's mean (arithmetic average) and sXandorA devia- 
tion Tlie latter is a nieasure of the disp^^ion of 
data values about the m^n and can be used to 
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Figure 21 Choroplethic represenUtioD of a statisticaJ 
surface Caoipare with Figure 20 
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Figure 22 ^Infliienc^ of class breaks pn map pattern 



determine the iBt^rvaJ between breaks located, for 
instance, at 0 5 and 1 5 st^dard deviations above 
and below the mean. This iype of classification is 
useful for locating pl^es with extremely high or 
low values, but it might also ignore natural breaks 
The same distance between points, however, is 
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Figur* 23 Number line illustrating some differeht 
methods of determining class br^ks 



not always equally sigmficant everywhere along the 
number line. For example, on a count>'-unit map 
showing the distribution of nonwbites in the 
United States, the ten-point difference between five 
percent and 15 percent is far more important than 
the difference betwwn 55 percent and 65 percent. 
Since few counties have this high a proportion of 
nonwhites. grouping all counties vrith percentages 
of nonwhites over fifty into a single class results in 
no appreciable loss of detai^ 

Some class breaks are more inherently meaning- 
ful than others For a ma^ of noowhite pppulation a 
break at 12 5 percent is appropriate since this is the 
percentage of iu>n whites in the national po(^J^^n. 
Similarly, on a map of population change, pei^ent- 
age breaks differentiating gains &om losses and 
modest gains from gains in excess of !tf$ national 
rate of growth- may be more useful to the map 
reader than breaks between internally homogeneous 
mapping categories (Schnell and Monmonier. 
-1976) The intcffiled purpose of the map. therefore, 
should be a ma)or determinant of a classification's 
relative merits 

fsttttn and Peiccpfion 

Classification of areas is. of course, helpful to the 
map maker who need employ only six or fewer 
different area shading screens. Choroplet(|c classi- 
fication also assisis\he map reader, sinc^ it presents 
a regionalization of th^ mapped variable Ror the 
r^der interested primarily in the values for indi- 
vidual areal subdivisions, however, a pen picker 
and computer can produce screens with gray (ones 



26 • 

34 



anywhere along a a>ntinuum from white to black 
(Tobler, 1973). This user might be better served^by 
an area table in which each unit's numerical value 
is printed within its mapped boundaries, since 
continual referral to the legend of a continuous-tone 
map would be nSeessary. Of course, choroplethic 
maps without classes might obviate misinterpreta- 
tions resulting from the assumption that a mapping 
Gregory is more homogeneous than it really is. 
Furthermore, the reader wotiW be ab^to compare 
differences along boundaries and obtain a more 
accurate impression of whatever cliffs would ap- 
pear on a stepped statistical surface. The r^der 
would also be able to regionaHze visually and to 
determine what areas belong to the same region 
(Figure 24). 

But is this so? Although a visual regionalization 
b certainly possible, the reader might miss impor* 
tant aspects of the pattern that the map author 
would *want to highlight A -well-designed choro- 
plethic map with classes would more likely assure 
the desired interpretation if^e map author has a 
definite message in mind Some thematic maps 
should bfe the graphic equivalents of a news bulle- 
tin rather than, the spatial analogs of a poem, subject 
tathe whim or mood of the reader The map maker 
must determine how broad or narrow the map's 
message is to be 

Although classification in choroplethic mapping 
gives the map author greater control over the inevi- 



table distortion, the author must be aware of the 
reader's limited capacity for deciding graphic in- 
formation One constraint is imposed by some read- 
ers' inability to differentiate readily and with con- 
sistent results among more than eleven different 
gray ton^ (Jeaksjand Knos, 1961:311). Actually, no 
more than six categories are recommended, even 
though a specialized audience of planners or re- 
searchers might be able to cope with a greater 
number of classes (Schultz. 1961:225-26). If more 
than six categories are contemplated.^ the author 
should r^valuate the map: tRe theme shoyld proba- 
bly be subdivided ^d presented on <wo or more 
maps ♦ 

An increase in the number of categones usually 
increases the complexity of the mapped |>atterriT 
Although complexity cannot be measureji ade- 
quately by any single index, a complex map might 
be described as having 1) a relatively large number 
of map regions (contiguous areas assigned to the 
same «lass). 2) substantial differences in the sizes of 
Jhese map regions, and 3) little spatial regularity 
(Monmonier. 1974). The spatial consistency of the 
data and the locations of breaks betweeb> class 
mtervals are other factors influencing complexity 
.although little can b^ done to minimize Ihe varia- 
ble's contribution to pattern complexity — aside 
fror» generalizing the data with trend-surface analy- 
sis (Chorley and Haggett. 1965) or some other 
spatial filtering niethod fTobler. 1969) before n^ap- 




Figure 24 A choroplethic map without class inlervals for census tracts in Ann Arbor Michigan (left, from Tobler, 
1973) The map at the nght is a five-class regionahzation of the same distribution \S"hen no class intervals are used, some 
of the darker continuous-tone area symbols might be indistinguishable from ona another when photographically 
reproduced Map at left repnnted by pemj^ssion from Geographical Analysis 
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t>ing — imposing some classifications on the data 
might adversely fragment a distribution when other 
sets of class breaks would yield a much simpler 
pattern (Figure 25). 

Is compfe^aty always undesirable? Here purely 
geometric complexity must be distinguished from 
complexity related to the map reader's knowledge 
of an area. A pattern that might appear highly 
disorganized to map Headers unfamiliar with a re- 
gion might be especially meaningful to a more 
knowledgeable us^* l^ho is. for instance, able to 
associate high values 'with urban centers and low 
values with pockets of rural poverty. Thus, a pat- 
tern is only -unduly complex when it defies the 
redd^'s attempts to recognize order, in an assem- 
blage of graphic symbols. If a map is readily related 
to an accepted geographic regionalization or an- 
other known spatial distribution, it is not too com- 
plex despite its possible high degree of geometric 
complexity. When the map reader Js unable to 
relate the map's pattern to either a preexisting 
conception of the area, or to some geometric frame- 
work, such as a plane sloping to the southeast or a 
distorted dome aroubd some urban center, the 
map's complexity might, then be too great. Even 
here, however, the author might intend for the map 

' to demonstrate the absence' of ia reo^nizable geo- 
graphic pattern, and in* this case a high level of 
complexity is justifiecL WTien 3ome meaning could 
be decodcNd from a map if its pattAi were simpli- 
fied by choosing another set of class breaks, how- 
ever, Uie reader's, recognition time or likelihood of 
correct interpretation may be decreased. This ad- 
verse effect of complexity on map comparison 
(Mi^hrcke. 1973) might reasonably be extended to 
sitiiations where one 'of the two images is in the 
reader's mind, rather than on a sheet of paper 

'Moreover, if the map author wants the map reader 
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Figure 25. Fragmented and simple patterns pfoduoed by- 
different classifications d( the same data 



to retain clear menial impression of a distributjoa. , 
a simplified pattern would be preferred (Amheim. 
1976:91. 

One method for reducing complexfty is trial-and- 
enpr experimentation with different mapping cate- 
gories. These actions of the ca^bgrapher, however, 
are ger^erabie behavior, which can be decomposed 
into a finite number of discrete steps and simulated 
^on a digital computer (Monmonier, 1976b). kather 
than attempting to follow precisely the steps a 
diligent cartographer might take in reducing un- 
wanted complexity. tHe computer can be given a 
program not unlike those used by geographers and . 
planners to determine optimum locations for serv- , 
ice facilities, such as health clinics and industrial 
warehouses (Monmonier, 1973a). These al^riXhms 
fstep-by-step proc^du^ for problem-solving) at- 
tempt to locate <%nters — or in the x:ase of mapping, ' 
class breaks — by optimizing the value of an ob^- 
tive /unction, in statistical mapping an objective 
function to be minimized would be some measure,, 
or combination of measures, of pattern complexity 
(Monmonier. 1974; Mailer. 1975a aiid b). Experi- 
ments have indicated that map readers are phle to 
judge relative map comp^ity measured in^ vari- 
ety of ways (Olson, 197Sa; Muller, 1976)<^uiereby 
validating the use of thes^ measures in an ot^ective 
hmcticm. As with other optimization techniques, 
algorithms for selecting class intervals also impose 
mandatory or artificial cdnstrainls that obviate the 
consideration of inappropriate solutions, such. as 
overlapping and empty classes or classes vrith too 
few areal units. Optimization algcnithms have been 
developed to reduce the fragmentation of map pat-«» 
terns (Monmonier. 1972a) and to maximize visual 
association 'either with another m^p (Moimaonier. 
1975) or with a known regionalization (Monmonier, ' 
1976a). 

, Trade-offs usually exist between accuracy and 
simplicity: normally a map caimot be made less 
complex without sacrificing w^hiir-class homo- 
geneity Thus, optimization algorithms designed to 
reduce complexity must be used with probity so 
that a desired pattern n(M really present in the data 
is not unjustifiably imposed. For some geographic 
distributions the improper use of optimization tech- 
niques might lead to a delibmte graphic falsehood. 
Yet nature tends to be orderly, and the data value 
for a place tends to resemble those of neighboring 
areal units more than it approximates -values at 
more remote locations /This phenomenon, called 
spaiidl autocorreiafion. gives many niap patterns an 
inherent simplicity — a simplicity that can attain its 
optimum graphic expression if ay ppropriate com- 
puter algorithm is invoked. Moreover, when nature* 
IS complex or when an attempt is made to impo^ 
an iinrealistip pattern on a map. the algorithm can 
be defeated easily by the data Furthermore, sliould 
doublexist about the classification error induced 
forcing a simplified pattern, the accuracy of the 
simplified map can be compared with that of the 
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map for the same data but with the least possible 
error in its categories. In fact, the first widely 
publicized use of an optimization method for cho- 
roplethic mapping was the algorithm developed by 
Jenks and Caspair(197l) to Tind the class breaks 
with the most internally homogeneous ca^tegories. 
Further development of cartographip optimization 
techni<^e$ is likely to involve subject-testing in 
finding ob|ective functions more directly related to 
what the reader sees so that, where possible, the 
clearest and most effective graphic image is given 
the map reader. ^ • 

Cartographic Corrielatioif 

As implied in the previous section, choroplethic 
maps can be u^ed in pairs to illustrate an a^^ia- 
tion between two geographic distrilMitions Two 
variables might then be said to be related if their 
mapped patterns are similar If the same areal units 
are employed for both maps, the correlation can be 
portrayed graphically by either a map or a scatter 
diagram (Figure 26). When the correlation is strong, 
the points plotted on the scatter diagram will ex- 
hi\fit a well-defined trend The mapped patterns 
prtvide a geographic supplement to the scatter 
d/agram and permit the reader to note areas of 
Agreement and disagreement between the variables 

Correlations can also be represented numencally 
by a correlation coefficient — an index that ranges 
firom 1.0 for a perfect direct correlation, through 0 0 
for no correlation, to -1 0 when a perfect inverse 
relationship exists Although many coefficients of 
correlation have been developed, the most common 
measure is Pearson s product-moment correlation 
coefficient This index reflects the direction of the 
relationship with its sign — positive if an increase in 
X produces an incffese for Y and negative if an 



increa^ in X results in a decrease for Y. Its absolute 
value measures the strength of the relationship: 

-values close to 1.0 or -l.O occur if the scatter -of 
points can readily be approximated by a ^raight 
line, whereas values close to 0 0 result when the 
points do not suggest any linear trend (Figure 27). 
Yet a correlation can be strong without being linear. 
In fact, curvilinear relationships are common, par- 
ticularly when a variable has ^n absolute lower or 
upper limit, such as 0 br 100 percent. Thus reliance 
^ solely on this linear correlation coefficient might 
lead to a serious underestimation of the strength of 
a curvilinear relationship 

Estimating the degree of correlation with maps, 
scatter diagrams, or correlation coefficients requires* 
data appropriate to the researcher*s objective. If the 
' goal is to determine the associatkm between health- 
care availability and mortality, for example* suitable 
measures must be chosen for both phenomena. 

.Physicians might be selected as an expedient surro- 
gate for health care, but other medical prqfession- 
als. hospitals and clinics, ai^d pa>7nent plans are 
also relevant Medical doctors engaged in research 
or administration ^hould be omitted since these 
physicians have little direct contact with patients. 
Moreover, if a map is to show the relative availaEHl- 
ity of doctors, the number of physicians should be 
adjusted to population size #ize standardization. 
« which can also be based on land area, size of labor 
force, and other factors relevant to a mapped (|^tn- 
4>ution. IS usually necessary since areas, vyith larger 
'populations, more farmland, or larger numbers of 
}obs will have higher values for many vanables 
solely because of 4hese aspects of size As a resuh. 
the adjusted mapped patterns will generally be 
different fh>m patterns prcKiuced without size ad- 
justment dents. 1976) Furthermore, if one variable 




is adiusted for size differences, the ot^er variable 
should also be converted to a measuref e.g. ratio or 
teedian^ independent of the area) units' extent or 
population. 

In the case of mortality, size adjustment might 
also reflect geographic differences in age structure. 
Places with greater proportions of elderly are more 
likely to have higher ratios of draths to population. 
Thus demographic standardization, whereby an 
a^> actual number of deaths is adjusted to the 
ni^mbw of deaths expected from the national death 
rati^ and differences between the area and the nation 
in ^e, race and^x composition, is desirable (Arm- 
strong. 1969). Even this correction might be inade- 
quaie to assure reUable data, since the boundaries of 
the ^real units might have little relevance — nothing 
prevents people from seeking health care outside 
their county of residence! 

Another source of dat^ noise might be the year or 
years considered: sm^l populations can exhibit' 
substantia] fluctuations in their death rates from 
year to year. These temporal variations might be 
stabilized if rates are averaged over a longer period 
of time. / 

Tl» map readerVability to estimate reliably the 
level of associa|i<Mi is another limitation of carto- 
graphic corr^kuon. The likelihood of an irKX»rrect 
interpretation is particularly high when the areal 
subdivisions of a region vary greatly in botl/land 
area and the areas their symbols occupy on the 
maps. As an illustration, it is possible for a state to 
have 15 counties, most of which are clustered in 
one comer of the state (Figure 26). While interpret- 
ing the association between two variables, the 
reader might tend to ignore these "smaller areal 
units and concentrate instead on trends present 
among the larger, more visible counties. Because 
these larger areas, as in the American West, might 
be sparsely populaled. th^r trends could be sub- 
stantially uiirepresefitative of those for most of the 
region's population. 

The level to which data may be aggregated pre- 
sents another problem: different types afid degrees 
oft-spatial association call emerge if one maps a 
particular phenomenon iVi a state and uses counties 
rather th^n the minor civil divisions within these 
counties (Figure 28). This effect is likely to be more 
prominent when the mapped phenomena are not 
uniformly distributed throughout the larger areal 
units. As an example^ consider two variables, only 
one*^ which yields a similar map for both counties 
and their minor civil divisions (the three central 
divisions). Let the values for the other variable* say« 
the proportion of the population in a particular 
demographic group, be rates that must naturally be 
recomputed when the smaller minor civil divisions 
ere aggregated upward into larger mapping units 
(Figure 28). If some of the larger units h^ve a single, 
relatively populous SMbdivision substantially differ- 
ent from their county's other areal constituents, the ' 
ap'l>earance of this less unifo^n variable and the 
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Tigure 27 Scatte^ dtegrams illustratmg different corre- 
lations 



resulting visual assessment of the correlation might 
be radically affected by the level of aggregatioa' 
(Figure 29). , 

This influence of aggregation, also evident iti the 
scatter diagrams and coefficients oC correlation for 
the two variables, ir usually not this great. Never- 
theless, the risk of spurious correlations pervades 
much geographic research. One might prevent inac- 
curate conclul^ons by mentioning the specific areal 
units used in *a, statement of findings. Thus, "the 
unemployment rate varies inversely with^ the per- 
centage of persons with a colle^ education" 
should be followed immediately with the qualifica- 
tion, "at the county-unit level of aggregation." This 
type of tempered statement also clearly distin- 
guishes an ecological correiotion. b^^sed on areal 
aggregates* from an \nd\viduQ\ correlation obtained 
by using individual persons, farms, or industrial- 
plants as the fundamental data units. In no event 
should a relationship obtained for areaily aggre- 
gated data — even 'if the basic data unit is the city 
block — be applied to individuals' The unqualified 
declaration that "college-educated people have a 
lower rate of unemployment/' if based on an analy- ' 
sis of choroplethic ma|>s. would be a prime Example 
of the ecological /aiiacy (Robinson. 1§50). ^ 

Although. the pitfalls of ecological correlation 
apply to both maps and correlation coefficients* a 
quantitative measure of association is an important, 
supplement to a pair of maps from which the map 
reader is required to estimate the strength and trend 
j}f a relationship. The class intervals used with^ 
choroplethic maps confound ev6n ihore the rider's 
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Figure 28 Effect pf.ubward aggregation on rates -computed for minor civil divisions (left) and cxiunties rnght) of a 
hypothetical state Wbeltboth numerator and denominator are added within the ojunties the resulting rates might 
produce a substantially altered pattern for these larger aggregates . 
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Figure 29, An extreme effecl^f upward aggregation onrartograj^ic correlation and scatter diagrams ^'ariable X snelds 
a different pattern when its rates are recomputed as shown in f- figure 28 . ' 
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task of obtaining an accurate impression of ^ corre- 
lation since not one. but two classifications are 
involved; eitlusr or boCh maps can novir contribute to ' 
a misinterpretation. Moreover, if asked to estimate 
the relative correlations among more than a single 
pair of maps; the reader might be unable even to 
rank the relationships correctly if the correlations 
are similar in magnitude. Studies of users* abilities 
judging the relative correlations between differ- 
ent pairs of maps also^uggest that where the 
b3nBlalion is only moderate, errors are more, fre- 
quent {Muehrcke. 1969:45-70). Furthermore, highly 
complete patterns are likely to thwart the reader's 
judgment still further. Even where different types of 



areal units are involved. .^mpling estimated values 
from both l&i^p8 to provide a comparable data base 
and calculating a correlation cdemcient from this 
sample can provide the map reader with^ useful 
, numerical supplement to the visualized Association. 

^QgMuse of the difficulty in estimating the ma^i* 
.tuiH^f a correlation with maps, and also because 
correlation coefficient is a convenient and net- 
Jilar>' supplement to cartogi^phic correlation when 
a siRnificant correlation exists, the map should be 
assigned a more appropriate, purely visual role in 
demonstrating graphically the association between 
two variables. Here again optimization algorithms 
can be of use when the correlation is great enough 
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to warrant graphic presentation, because objective 
functions can be defined to maximize « the visual 
correspondence between maps (Monmonier, 1976a). 
Although the range of visual associations that dif- 
ferent class breaks can produce for any one correla* 
tion can be great, the reader, where appropri^. can 
be provided with the" strongest possible ^phic^ 
representation of the association. Furthfermorls. in'^ 
the interest of integrity,^ an optimization algorithm 
nkght also be used to yield the worst possible 
cartographic correlatioi^Jhese best and worst ex- 
amples might then be juxtaposed so that the reader 
can judge the validity of th(^ author's findings 
(Figure 3Q)! But the combination of the best-case 
pair of maps and the correlation coefficient should 
be both adequate and effective. 

Information Overkill 

Associations ofteii involve more than two varia- 
bles. Although three or more maps can be placed 
within the same frame to facilitate comparison, the 
eye must jump from map to map much more fre- 
quently than .whe^ only one pair of variables is 
compared. This problem has led some map authors 
to superimpose several distributions opto the same 
map. This kind of solution, however, can present 
Anore problems tfian it solves because the reader is 
npw asked to interpret a complex legend and differ- 
entiate amon^ a larger than average number of area 
symbols (Figure 31). Despite their unquestioned 
util^yior information storage, these multjple-varia- 
ble maps are too complex for ready information- 
retrieval. 

A simpler answer— for the map reader, at least — 
is to recognize that multiple themes are present and 
to produce more than a jingle map. In fact, each 
area symbol used on the multiple-.variable map can 
be the subject of a separate porlioniof the author's 
written 'text or oral presentation tacTi of these 
sqbthemes. involving places that are similar for all 
variables considered, can be shown on a separate 
map that can be placed closer to the relevant pai^bf 
the manuscript of appear on jhe screea only when 
these particular areas are being discussed (Schnell 
• and Monmonier. 1^6) Furthermore, a legend is no 
longer needed since the characteristics of the places 
highlighted by the^a|» can be explained in the title 
or captiwi (Figure 32). Thus all peripheral material 
is removed, at least temporarily, frohn the reader's 
attention. Moreover, the much simpler area symbols 
now reqiiired permit the reader to examine internal 
. boundaries witK less distraction and thereby obtain 
^ more thorough ij^pr^ssion of the places* loca- 
tions. 

vThe.map, of course, must be suited to the task 
required of its reader. If it is necessary for the reader 
to know that Type A states are usually adjacent to 
Type D states, this phenomenon should be pre- 
sented as ^^paraUr theme on a single map. unclut-' 
tered by other significant aspects of the distribu- 
tion. 
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Figure 31 Portraying lheas$oc\aXipn among three varia- 
bles With a complex multiple-vanabie map JSJote that the 
legend oq:upl^ rpore space ihan the actual map and that 
many-of the area symbols in the legend are not even used 
on the map 
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Figure 32 A simple stngle-theme njap illustrating an§ 
aspect of the association among three variables Six maps 
of this type can portra/the pattern shown in Figure 31 



(3K>ro|rfethic maps ^re not sacred dows. and the 
needs of the readef should nci be subservient to the ' 
' whim or workload of the cartographer. For some' 
applications, dasymetric maps.^hich refirie the 
/ existing choroplethic boundaries/ can give a hiore ^ 
accurate picture tliat recognizes nonhomogeneoiis 
.numeration districts (Wright. 193^6). If the required 
supplementary data are available, a dot map might * 
aln provide a, more refined representation of the 
^ 'same distribution (Dahlb^g, 1967). An isophthic 
map can be draWn by assigning tbe^ values for. the 
areal uiiits to their center points and then interpo- 
lating lines of equal^value. such as contours, to give 
the distribution a siibo&ed ^pearance. not encum- 
bered by any intemarboundaries (Mackay,, 1951). 
Isoplethic maps empliasjzQ gradients, but if the map 



» 

is intended to highlight only diff^trnces between 
adjacent areal units, a r^ionat^tion displayect 
without area shading but stressing the significance 
of certain internal boundaries might be appropriate 
(Monmonier. 1973b). When the^ reader's attention is 
to be focused op only broad regional trends, spatial 
filteringxan eliminate uniiecessary visual fioise and 
thereby enhance the important aspects of the distri- 
bution (Muehrcke. 1972T16-19}. Generalization to 
facilitate trend detection might even involve map- ' 
ping the distribution as a network of arrows linking 
chains of places with progressively higher data 
values (Monmonier. 1972b). The cartographic tech* 
nique employed should always attempt to minimize 
decoding error. . ^ 
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The previous cha|3ter addressed some aspects of 
the use of maps for communicating the results of 
research. Geographic resmrch. however, is mferely , 
one of a large number of different purposes for 
which mai^ are employed. Most map users, in fact, 
are exposed mor^ frequently to maps with nonaca- 
demic obyedives. This chapter discusses several 
diverse applications of maps by commercial and 
government organizations and by private individu- 
als woriung outside academia/ The examples pre- 
sented here are intended both to indicate Ithe nu- * 
merous goals that might be served by maps a;^d to 
illustrate that, whatever the aim. the map must be 
adapted specifically for a well-defined and feasible 
objective. 

^ Route Planning and Route Following 

Adults in a modem, mechanized, and mobile 
society, even if they have an excellent 5o*called 
sense of direction, find it difficTult to travel iif^ 
unfamiliar places without maps. Motorists use 
maps both 'to plan and to follow routes. Users of 
public transportation also employ maps to deter- 
mine suitable carriers, to locate particular schedules 
in a timetable, and to plan transfers from one^vrier 
to another. Even taxi passengers, who merely in- 
form the driver of iheir desired destinations, con- ' 
suit maps in some cities, such as Washington. D C . 
where fares are based not on mileage, but on the 
number of zone boundaries crossed Of all possible 
types of maps, highway and street map^ are used 
more frequently, more intertsively. and with more 
frustration than other varieties. 

Road ma|>s,*as a class, have two distinctly differ- 
ent purposes — route planning and route following 
In order ,to plan a route a map reader need have 
only an up^to-date map or maps covering with 
. adequate detail the area between origin and desti- 
nation. Whether or not a map has sufficient infor- 
mation depends on the purpose of the trip, the 
specific needs of th^ traveler, and the route itself If 
sightseeing is intended, the locations of hlstonc 
landmarks, tourist attractions, parks, and similar 
features must be included. If the driver is towing a 
camper, camp grounds should be shown. If the trip 
is tor business rather than pleasure, motorists wel- 
come data comparing the driving times afong dif- 
ferent routes. When the route includes delays or 
detours becSuse of maintenance or new construe- ' 
tion. advance knowledge of these conditions is 
useful. Mj^y road maps are obsolete, and many 
motorists prefer to have tbeir routes planned by 
automobile clubs with access to the most recent 
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maps and data ob road conditions. 

Maps adequate for route planning are often defi- 
cient for ix^ute following. -Here the map reader is 
using^ the map "under an entirely different set of 
circumstances* than whet^ planning the route at 
leisure. Routes are often followed in heavy traffic at 
high speeds in cars with discontented children, 
spouseSt and pets, some of whom invariably have 
empty stomachs, full bladders, or t)oth. As indi- 
cated by the fuel gauge, the vehicle might be* 
hungry ay well. Wor^e^-yetrTls^dodling system might 
be relieving itsetfof steam from an overheated 
engine. Noneu^less, the driver must concentrate on 
traffic and, on highway signs and signals, and must 
also decide whether to turn left onto 17-K or right 
onto 17-M. It miight or might not be safe to'puU off 
the road. stop, and reexamine the map. and it is 
often tempting to take a quick glance at the map td 
clanfy the route. 

These hazards of in-transit map riding might be_ 
alleviated. in'p>art, by a road map that does not need 
to be unfolded, reversed, and oriented. A practical 
sol utionr albeit one that cannot eliminate emotional 
stress or correct fX)or driving habits, is provided by 
the American Automobiie Association's Triptik, a 
unique form of road atlas **prepared expressly for 
you. '. Maps covering the entire length of the jour- 
ney are bound into-^netor more books with plastic 
fasteners so that the pages caix easily be flipped 
over at the top (Figure t3). Individual maps, cover- 
ing approximately 75 to 125 miles of the route 
alohg major highways between important cities or 
junctions, are arranged in sequeoce. These strip 
fuaps. longer than the average l^pri but far less 
binky than <an ordinary road atlas, include only the 
primary roads between the two end poif^ts. in * 
addition to important highways crossing the routes. 
Symbols indicate the.locations of gasoVne stations, 
restaurants, ''approved" motels and hotels, camp- 
sites, and places of potential interest to tourists. 
Mileage from each end point to significant interme- 
diate points is given in the left- and right-hand 
margins. The map itself also shows mileages be- 
tween intecchanges and major intersections. Infor- 
mation ncrt needed for route following is omitted 
and supplementary remarks about construction 
projects and areas of strict enforcement is rubber- 
stamped onto jhe maps where^needed. If/a motorist , 
decides upon a side trip en eoute. \\^^ she need 
only turn. over the strip map to find a centerfold 
map of a circular area surrounding the strip. These 
centerfolds, ^ken from a standard highway map 
and printed at a sorpe\%hat smaller* scale than' the 
strip map. contain extra details. W^hen the strip map 
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Figure 33 Format of a leaf m a Tnptik prepared by the American tAutomobile Association 



is flipped upward, tl^ driver finds on the back of 
the leefone or ipore outline maps of medium-size 
^d %mall cities in addition to a brief verbah de- 
^ •cnption of these and other places of interest 
Spfcial page&wiffa the same general format as the 
st|p map am included for recreation are^s. routes 
/ tflbugh major cities, i^od approaches to laWe met- 
VerpQlitan areai. The Tnptik is an excellentjexample 
l>f maps designed /or a specific purpose — fl)llowing 
' a rout^ for a particular journey ' 
^ friptfk maps attempt tp meet route-following, 
^mds by providiog only those details niost likely to 
be required by the driver. Road maps in general can 
prpept ^difficulti^ when they contain either too 
Uttle br too much iiiformation (Momson, 1966) The 
.• effective^ presentation of detail is. in part, a function 
of map scale. As a recent economy measure, oil 
mnynnigfi providing frm road maps are now using 
'smaller scales, thus maling their maps less a serv- 
ice to the drivetr tiian they onA were. The of 
these sma^ scales might give some driver/ e^je- 
strain a^ney attempt to follow a thin blueNfne 
wandering among a multitude of place names. This 
cartographic recession is ^a poor respoiise to eco-. 
temic inflation siiuie, for many areas, road maps 
V need even larger scales than tb&y dhce had Com- 
plex interchanges. twtween limited-access highways, 
symbolized with squares or diamonds cannot sug- 
gest the decisions a^ motorist must make when 
confronted with bifurcating on- and off-ramps lad- 
ing to several m^r roads and numerous city streets 



as well. These symbols sometimes imply Aat the 
driver has a choice, when this is not the case. An 
example is the interchange of Interstates 81 and 600 
in Syracuse. Ne<^York (Figure 34). Even the in»t 
maps for the city suggest that a motorist eastbound 
on 1-690 cab turn north onto 1-81 >vithout lea^g 
the expressway system, this transfer's impossiole. 
as is a dired exit from 1-81 southbound onto 1-690 
westlx>und. The confusion, agitation, and possible 
traffic hazards resulting from this and similar map 
portrayals argue for the use of larger scales and 
symbols that ca^ attention to impossible routings. 

Some problems of route following, of course, are 
beyond the capacity of the map. Very complex 
interchanges, for instance, cannot readily be inter- 
preted by tl>e n^p reader if represented by equally 
M:x>mplex mapped patterns.. Highway signs, another 
- important type of symbolSr can be used to alert the 
motorists to potential dangers and to enable them to 
mainfairv their intended routes. In this case, the 
scalers 1:1' and the* map is reality rather than a 
reduced representation of the Earth. Prominent 
signs are needed, nonetheless, in this full-scale 
environment Tl^ locating of these signs might be 
made more effective if there were closer coopera- 
tion between highway engineers and map makers. 

Gty street maps constitute another class of road 
-map Their scale is larger and they are sometimes 
accompanied by a street guide that indexes both 
streets and blocks. Since these maps intend to 
provide much more complete locational informa- 




Ftgui^ 34 intersection of interstates 81 and 690 in S>Tacuse Ne\% York Source -Nw York State Departrtient of 
\^ Transportation. 1 24.000 Syracuse West Quadrangle 1973 f left I copied with permission Map at nght is generalized from 
aty insets on highway maps produced by several different publishers 



tion, they must. not be as generalized as highway 
maps. Even though the design of a ^reet map is, as 
a result, less demanding, many street maps are 
inadequate b«:ause readers are not provided with 
important landmarks, such as monuments, comer 
properties, stores, and shopping centers, ♦hat are 
frequently used when directions and locations are 
tommunicated verbally Moreover, some office 
buildings and shopping plazas that are used as 
addr^ses by the Postal Service and the Yellow 
Pages cannot be located on the map* The mental or ^ 
cognitive sketch maps (Lynch. 1^0 flo>^s and 
Stea. 1973; Wood. 1973. Gould and Whita4974) dt 
persons newly acquainted with an area" might be 
used by map makers to determine wh^ii landscape 
features would be most helpful ^as vu^ual cues to 
prospective users of a street map / 

Another difficulty sometimes arises when map 
publishers obtaie their information about the street 
network from thfe city engineer's office and do not 
bother to field-check their data Engmeenng maps 
are intended \o show rights-of-way and occasion- 
ally include paper streets-broads' planned, but 
never built On a street map. however, paper streets ^ 
are seldom more than. curiosities, and can be quite \ 
misleading (Figure 35) The appearance of paper \ 
streets on maps soFd to th6 public points out. 
nevertheless, that a miap deigned for one purpose 
should mi be used for anoOier without a careful 
examination of its relevance to the second objective ^ 
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Therefore, drivers of emergency vehicles are re- 
quired to know their area first-hand, not its map* 

Whereas street maps require including all streets 
withinjhe area.mapped. sp>ecial purpose maps may 
show only selected streets Furthermore, if distance 
relationships are not particularly important to the 
goal of the map. as in th^ case of public transporta- 
tion rtj^es. a schematic representation of onjy rele- 
vant /oaop will got only sufTice but also be desirable 
since greater detail can be shown where needed 
Schematic maps of bus routes, therefore, require 
only those streets along the route, although impor- 
tant- cross^reets and landmarks give the traveler a 
useful geoicaphic i^fm of reference (Figure 36) 
Relatively Ipng'WCTtons of the route along the same 
street can even be abridged, thereby allowing addi- 
tional space for route numbers ai^d more complex 
parts of the route At a time when the public is 
being encouraged to make greater use of public 
transport, it sl\ould not be unreasonable to assume 
that the user is already familiar with the streets in 
the vicinity The avei^ge transit patron needs only 
to know where the bus line is — the individual stops 
are often indicated by road^de signs — and which 
route goes Where. This rationale is also applicable 
to railroad and airHne passengers who are inter- 
ested in the sequence of stations or direct connec- 
tions rather than in other characteristics of a route 
Scale distortion on schematic maps is consistent 
with their purpose and increases their effectiveness 
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Figure 35 Example of a ;>apeT stree* No*e Cumberland A>enue running north-south a! the center of the cjt> pUnnir^ 
map Inght). the seament withm the :nner border s absefit from the map the state prepared from aenal pho<ographt 
Source Sev% York Mate Department of Transportation ,1 24 000 Syracuse East Quadrangte 1973 jWft- and S>Tacu$e and 
Ojondaga Countv Planning Agenc> 1 12 OOO map ^Stti^Jf^ New Vori 1968. copied wifh pennissHHi 



Maps for Data Processing 

In the same way that highv^a>*and street mapstfor 
planning and following routes require a designed 
content suited to their human users needs^^me 
maps pf sity street networks demand m|g|maftbn 
and a format tailored to the requireirtnts of a 

anted ma^^^e^^S'^^li^^rfea^^ to 
describe the geographic arrangement of street ad- 
dresses, census "blocks, and census tracts The data' 
from individual census questionnaires returned b> 
• naail to the Bureau must be accui^ulated for blocks 
tracts, and larger areas in compiling summar> re- 
ports for the deoaonial (and eventualK the quinten- . 
nial) Census of Population and fiousing The com- 
puter, linked to a system called FOSDIC (for Film 
Optical Scanning De\ice for Input to Computers] is 
able.to read the circles blacked-in by the respondent 
and to record the results on magnetic tape for^ 
further processing. Because the computer also pre- 
pares counts for g«)graphic units, it needs an-easily 
read map containing both street addresses and area 
codes. Although optical scanners can read filled-in 
circles on the returned questionnaires, the map is 
more useful to the computer if ♦t is already in 
machtne-readable form o'n magnetic tape and if 
geographic information is coded with computer 
processing as the map's primary goal 

This map. called a ^ographic bose file is rooted 



in the Bureau's subdivisions of urban areas. The 
most frequentry used subunits are the census tract, 
a relatively horrogeneous ar^' containing an aver- 
age of 4,000 people, and the block (Figure 37h 
Tabulations are published for both of these small 
ar^l anits Each block belongs to a tract and is 
bounded by street segments or other l^riear features, 
such as strearhs. railroads, and political bouni«ftes 
Each street segment is bounds! b>- two intersec- 
tions and expept for some short, dead-end streets, 
separates one block from another Between the4wo 
intersections the street has a range of odd- and 
e\ en-numbered addresses which, in the tabulation" 
prtx:ess. must be related to the appropnaie blpck 
and tract numbers These linkages among blocks 
and address ranges are the essential data for an. 
Address Coding Guide If however the geographic 
base file is also to be used for computerized map- 
ping, geographic coordinates can be^'^sC^plied for 
the intersections 

The basic elements of the file are intersections, 
strtet segments (or portions of other linear features), 
and blocks {Figure 38) Their structure can be 
described by a Imeor graph of nodps. ed^. and 
cirtuits (chains of edges surrounding an area) 
These elements of a graph have 0. 1. and 2 dimen- 
sions respectively, and are also called 0-cells, I- 
cells and 2-cens A cell with n dimensions is 
boun(ipd b> other cells with n - 1 dimensions For 
example, two points, each with 0 dimensions be- 
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Figure 36. A Kfaemitic bu^-route map Source Central 
New York TransporutiOQ Authority. 1976. Liverpooi' 
Wetzel tdiedule; copM wUh pennission. 
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Figure 36 A census block as a iin^ graph and an 
Msembl^e O-cells^ l-ceils. and 2-cells 



cause they have do length or area» delimit a line 
•egmcfUt which has only 1 dimension, its length 
Similarly, 2-cells are bounded by l<ells. Further-^, 
xDtm, cells of n ^ 1 dimen^hs are said to cobound 
a cell of n dimensions, when, for example two 
adiacmt 2-oeUs cobound the l*cell between them 
(Cmbett, 1975). 

Since each boundary segment around a block can 
be identified by the iM>des that bound it and also by 
the coboundAig blocks* to its left and right, a file 



structured on the basis of these linkages is called 
dual independent* and the Census Bureau's geo- 
graphic base file is i^aiotiedDIME for Dual Indepmd- 
ent Map Ena>ding (U.S. Bureau of the Census, 
1970:5-7). A DIME reccHtl (separate entry in tl^ file) 
represents an individual segment of a s^eet or other 
linear feature and inclucte tl^ segment's name or 
description, the numbo^ of the nocfes bounding the 
segment, and the codes of the cobounding blocks 
(Figure 39). Moreover, the left and right street 
address ranges, census tr^ codes, aiul codes 
other types of administrative areet are usuaUy in- 
cluded. Thu|, the file contains all the inftetnaticHi 
needed to determine which street segment and 
which Uock include a specific address. 

Cnven this infbrmaticHi, a ccunputi^' can not cmly ' 
associate street segments with blocks but also scan 
the file to deternfine 1) those blocks bounded by a 
larger circuit of linked street segments or 2) those 
blocks along a route between two distant iKKles. 
Fuftherauxe, block codes can be matched with the 
census counts for individual blocks, and as a result, 
census data*<^ be reaggregated for irregularly 
shai>ed school districts as an aid in evaluating 
court-iH^lered ilesegregaticm plans, and persons eas- 
ily can be assigned to Mftrby fallout shelters with 
limited capacities. This latter application uses the 
geographic coordinates suppl^ the noctes to 
caloilate the lengths of diffoent street segments* 
Since DIME is also an .Address Coding Guide/ 
employee' address can be matched to f^iitate 
carpoolfaig. DIMFl ability .to link addresses with 
census data and c^des for other administrative 
regions has numerous uses in transportation plan- 
ning, heahh-care-fadlity location studies, and ihe 
analysis of traffic acddrat Ipcations. to name a few 
less apocalyptic fMp)frts that have been undertaken 
(U.S. Bureau of the Crasus, 1973:29-37). This ma^ 
chine-r^dable map, in addition to assisting auto- 
mated spatial analysis without th^ use of printed 
maps, can also be used for computer-produced 
maps t»sed on cebsus data or phenomena recorded 
by street address, such as crinoes. accidents, births, 
and the locations bf hospital patients (U.S. Bureau 
of the Census. 1969) Eventually, computer-oriented 
map files coving larger areas might even be em- 
ployed in the automat^ production of Triptiks and 
. c^her personalized maps and atlases! The continued 
development, updating, and distribution of DIME 
and other geographic base files should enable plan- 
ners, map makers, and researchers in gmieral to take 
ev^i full«' advant^e of tl^ computer's speed and 
accuracy. 

Advoc^, Reaeaidi, and Mapfrii^ 

^(»t maps are intended fqp* humans, not oom- 
puters. Although maps prepared to communicate 
the results of research are usually coTCemed with 
increasing the reader's understanding of a topic, 
researchers sometimes want to spur at least a frac- 
tion of their audience 'to more direct action. Force- 
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ful maps, like compelling wnting, can play a vital 
^role in convincing an apathetic public that a prob- 
exists and that a ft o ci e t ^/^fhd-tts government 
must act. 

Since health, as a major component of human 
welkb^ng. has a si)atlal dimension. Jt is not sur- 
prising that advocates of change have used maps to 
identify for themselves and others important rela- 
ticmships between illness and geography !nM&48. 
far exainple. Or. John* Snow, a general practitioner 
in London, was concerned about a ma)or outbreak 
of cholera. He mapped the r^idences of victims 
and noticed that tl^ir homes clustered around a 
pump to whichJbey walked for, drinking water His 
map the area around the Broad Street Pump 
(Figure 40) was important in medicine's under- 
standiiig of the waterbome transmission of cholera 
Snow removed the pump's handle and soon there- 
after new cases of the disease ceased (Stamp. 
1964:15*16). 

- Although Snow was able to act directljr^ by re-« 
moving the pump handle, in modem. society com* 
ptex technology and^ equally complicated politi- 
cal-economic structure have produced inlricate 
ftxMem and^ bureaucratic buffers. Inferences and 
tfaaorias briieved to be solutions cannot be tested 
by individual initiative, and often appeals 
AUit be made to influential groups of scientists and 
public la^leri. An exampk is Stemglass'a^ thesis 
that radioactivity from nuclear weapons testing 
aod, more recently, nuclear reactors and fuel proc- 
easing •plants, contributes to infant mortality 
Stemglats. a pfohuar of radiation physics at th^ 
University of Pittsbuigh, was aware that even small 
doses of strontium 90 can cause genetic damage in 
animab. He also kz^w that around 1950 there was 
■n inexplk:able departure Ifom the continuing de- 
cline in the in&nt mortali|y rates of the United 



States and otha* developed nations — an established 
downward trend that began as ^ back as 1900. The 
tnterrupfibn'oT this trend coiiK:ided with increased 
atmospl^ric testing by tlie United States and the 
Soviet Union, but the downward trend resumed 
after these natiens halted nuclear testing in the 
atmosphere! ^ternglass (1969) documented his ar* 
guments witb( graphs of mortahty plotted against 
time When th^ trentTfor Ktual infant death rates 





Figure 40 }ohn Snow's map of cholera deaths in tl^ 
vnanity .of London's Broad Street Ptmip (from Stamp* 
1964 16) Repnnted by permtsskm of The Athlone Pwm 
of the UnivOTity of London- 
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was cx)mpared with that for rates extrapolated bom 
trends for years prior to 1945. the v^cal differ- 
ences between the two lines provided a measure of 
excess infant mortality: Although critics questioned 
Stemglass about his extrapolation methods, his 
maps showing the geographic distribution of excess 
in&nt mortality present a forceful argument. One 
set of maps sfa^ws the association between excess 
mortality and an atomic test site in New Mexico 
(Figiire 41). Although no discernible geographic 
trend was evident for 1946. one year after the test. 
b]F 1950 excess infant mortality was concentrated in 
a belt east of the te^t site in the direction of 
movement of the prevailing westerlies and the ra- 
dioactive cloud. He attributed an anomaly in ^^orth 
nehrta to the high level of strontium 90 in milk 
sold (hae. Stemglass has also prepared maps relat- 
ing excess infant moitality to the locations of nu- 
' clear energy plants — ag association that has gener* 
ated a heated, and as yeHmiesolved. controversy 

Geographers have also been interested in threats 
posed by technology and have used maps in pre- 
senting cases against tjfe pollution of the physical 
and social environments. Their understanding of 
cartographic communication's 'potential has led to 
maps as radical as their own Jdeas and life-st>'fes- 
An excellent exam^i^ is William Bunge's "base 
map for survival." which directs the rider's atten* 
' tion specifically to the distribution of the world's 
children (Figure 42) Bunge (1973) was deeply con- 
(:emed with the possible extinction of mankind by 
"machinekind" and thought that (>eopie. not prop- 
erty or territory, should be emphasized on a world 
map His assertion that this is the base maffthat 
should be taught in the classroom is a clear recogni- 
tion ^hat people's attitudes are influenced by 
impressions of reality- received from maps. 

Maps and Advertising 

A less idealistic advocacy has an important place 
in the economy, where vendors compete with each 



other for the public^s attention. Although this might , 
seem an invidious compariso^i, maps used by advo- 
cates of business in their advertisemeilts surpass in 
number and effectiveness the maps of advocates of 
social change. Graphic artists employed by adver- 
tising agencies and their often elaborate studios 
.produce maf^lhat attempt to convince consumers 
of the merits of particular products or services, 
dblpr printing is used effectively.' Imt. except per- 
haps for placemats touting a restaurant chain's 
numerous locations — and the p(^ibility of a profit- 
able fraiK:hise in your own town — innovative de- 
signs are n^ded to attract the' interest of sated 
readers bombarded ^ with a wide variety of visual 
stimuli by advgtfiSersln major popular periodicals. 
*t>eativity" has become a principal objective of 
advertising; hard sell and the straightforward pro- 
viding of information are no longer adequate. The 
result, 'for mapping, has been the development of 
many ideas that might be. borrowed by resrarchers 
concent with the more effective selling of their 
findings and theories. 

Not all maps used- in advertisements, of course, 
are attention-getters, nor. are they necessarily useful. 
The ordinary how-to-get-there map. does convey 
useful information but usually excites little interest. 
As in published research, many advertising maps 
are employed peripherallv as window dressing, 
drawing Ifttle attention to the advertiser's message, 
possibly contributing an impression of accuracy ch* 
importance, and usually serving as convenient "fill- 
ers " Other advertising maps, however, are mean- 
ingful distortions of space co^istent with and en- 
hancing the seller's message. Continental Airlines, 
as an example, uses a map in the center of an 
advertisement, directly below the message "We've 
got connections" in bold type. Their map not only 
shows the cities' they serve in Hawaii and the 
continental United States but also shows Hawaii, at 
an enlarged scale for greater emphasis, much closer 
to the mainland than it would otherwise appear 




Figure 41 Stemglass's maps of the association between exc^ infant mortality and a New M^ico atomsc test site (from 
Stemglass. 1§69) Numbers are percentage changes m infant mortality rates relative to rates obtained by projecting 
forwtfd trends ioi 1940 to 1945 Repnnted by permission of the Bulletin of the Atomic Scientists 
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Rgure 42. Bunge's map of the islands^nd continents of 
the world's children (from Bunge. 1973). Reprinted b> 
permissioD of the Association of Amen can Geographers 



(Figure 43). The niap^ completes 4he message: Conti- 
nental's connections put you. the passenger from 
Lubbock, closer to Hawaii. The shortening of rqute 
distances is used effectively by other common car- 
riers, particularly those serving resort areas 

Numerical superiority' is another common theme 
Tte chain with the naost pizza shops — see them 
all! — must make good pizza. This .type of message 
can.be transmitted more readily and make^ more 
lasting impression, however, if pictorialjsymbols 
are used instead of dots. Steinyvay and d6ns uses a 
4 map to demonstrate the dominance and superionty 
of theif pianos {Figure 44) Its diminutivie caption 
reads: "Ck the piano soloists schedi^ed to play with 
major U.S. orchestras dun^g the 1975-76 concert 
season* the great majority Will play the Steinway 
piano.'' The nan^ of the orchestras suggest, pres- 
tige« but the intriguing mpp*of little pianos. ;nost of 



which are a bolder black representing Stein^ays. 
delivers the messalfe. , ^ ' 

Violation of ca^sraphic tradiUi>n'is another 
means of making the\;^p. the advertisement, and 
the message obvious and clear. Marine Midland 
Bank wanted to announce that its^xegional subsidi- 
aries had integrated their operations and that cus- 
tomers could now obtain its services at any tnanch 
in New York St^^fts map of "the united state of 
Marine Midland'*^|Bcribes'thisV[ierger in its title 
{Figure 45). but rotating New York so that north is 
no longer at the top serves nc^ce that something 
new and difUrent has occurred. In applications 
outside advertising, maps departing from the ordi- 
nary in projection, symbol izati on, and generaliza- 
tion might be tnore ^e-catching and» as a^ result, 
surmount negative attitudes, of the reader more 
effectively than the types of map normally used. 

Inf onnatiim and MismfDnnatiim 

However striking or autboptative a map might be/ 
the reader must beware of maps that deliberately 
distort both reality and the truth. Jphn K. Wright, in 
his paper "Map Makers Are Human/* warned <hat« 
"The trim, precise* and clean-cut appearance that a 
well drawn map presents lends it an air of scientific 
authenticity that may or may not be deserved** 
(1943: 527) As applied to graphs, the same theme is 
(Jiscussed in Darrell HuflTs (1954) readable 'and 
humorous little, book How to Lie w^th Statistics. 
Also concerned with graphs. M. ). Mproney's Fa^Js^ 
From Figures (1956) presents several exa mo)^ of 
inadvertent or deliberate visual distortions of fact. 
Most of the English-language papers on carto- 
graphic dec^ption^ however, focus u^ft the propa- 
, ganda ?alue of maps and were written, not surpris- 
ingly, during or shortly after World War n. Quam 
notes that a map . . designed 'to produce impres- 
sions rather than to reveal information . . /.becomes 





Figure 43 Map from Cootinental Airlines' advertisement "We've got connections** (courtesy Continental Airlines) 
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Figure 44 Eastern portion of ^teinway piano ma (cour- 
tesy Stein way and Sons) ' 



a psychological force instead of a scientific tool" 
(1943:21). The map's power of impression for the 
sake of oppression was condensed to a single word. 
"Caitohypnosis/' the title pf a paper by S W. Boggs 
(1947), a geographer with' the U.S Department of 
State, who paid particular attention to how the 
Nazis used maps for propaganda. This subject is 
treated more fully in Hans Speier's (1941) ''Magic 
GeogxaphyV* The American press, although its mo- 
tives were less sinister/was not above printing what 
Ristow (1957:386) termed ^suggestive" maps to 
jdranaatize mijitary operations by using clamps, pin- 
leers, sickles,' nets.' bomb-burst symbols, and the 
like. Yet, motives aside, we cannot fault many of 
these taaps for their graphically purposeful layouts 
and symbolization. 

How do maps serve as propaganda? Between 
1939 and 1941 the German Library of Information 
published Pacts in Review from its office in New 
Y(xk City. This slick weekly occ^ionally supple- 
mented itr text and photographs with maps in 
attempts to win support fpr the Third Reich by 



pandering to American nationalism. A graphic at- 
tempt to persuade Americans tp keep to their own 
backyard appeared in the April 10, 1941 issue 

J Figure 46). Here the black areSs on the map refffe- 
sent "the four principal industrial centers of the 
world." whereas "Food and raw material producing 
areas are shaded." The«bold boundaries highlight 
"spheres of interest" to suggest that the United 
Stat^' domain was confined to the Americas. This 
is mX one example of authoritative-seeming bound- 
aries used to influence opinion. 

The military also employed maps as important 
elements of cover plans to deceive the toemy before 
major battles. During World* War I. the British 
"lost" a canvas bag cont9ining maps and other 
documents near Beersheba during a brief exchange 
with a Turkish patrol. These documents convinced 
(German and Turkish intelligence officers that Al- 
lenby's (oroes would attack atXiaza in late Novem* 
ber 1917. In late October the British also established 
a main ca'mp,oppo6i(e Gaza to be photographed bjt 
Turkish reconnaissance planes, ^e British with- 
drew most of these troops during the night of 
Octob«^ and. the next morning while the Turks 
were shelling the BAish trenches at the main 
British forces attacked at Beersheba and prevented 
the destruction there' of the walls needed for furtl»r 

■ advances by the Desert Mounted C^rps (Anny 




/ 
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Figure 45 "The united sUtc of Manne Midland" (pour- 

tesy Marine Midland Bank ) - ^ J^-'" 

* 
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Figure 46. Spheres of influence on a Nazi propaganda 
map (from Facts in l\eview, 10 Apn\ 1941) 



Times, 1963:76^89). The Allie? also planted deliber- 
ately falsified maps during World War II. but these 
deception plans required elaborate supporting evi- 
dence in order to dupe Hitler's officers. As .with 



propa§wda maps, their specific mflu^ce is often 
difficult to assess. 

P^iberate errors have also been noted .on Soviet 
m^ps by Omeling (1974:48-49) who contends thai 
misrepresentation of the locations of Qties and. 

ix>undaries as well as the use of erroneous hydro- 
graphic data cannot be ascribed to technical error> 
The Soviets app^ntly decided to alter the posi-» 
tions of coastline, rivers, towns, and railways be- 
tween the last printing of their world atlas^.in 1964 
and its second edkion in 1967. 'Distortions have 
been noted in both strategic ai^l nonstrategic areas, 
and their map proiections h^ve been inconsist- 
ent. However, the presumed military value of tlUs 

. expensive program of deception is questionable 
because far more exact geographic inforraatioft can 
be obtain^ by intelligence-gathering satellites 
[Sew York Times, 1970). These distortions and 
those of t>rop9^anda maps cannot usually deceive 
an informed reader. Nevertheless, their existence 
should serve to warn inexperienced readers that 
maps can i)e used by |^tr authors to tell black as 
vyell as white lies. f 
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VI. CONCLUDING REMARKS 



The theme of this Resorce Paper has been that 
mafte must distort. Since the term '*propegapda'* 

, was originally ccmtrived jn the seyenteedth century 
to mean "spread the faith." many maps, especially 
thematic map$« are propaganda maps. A map^s 
^(tistortion of reality is evil only when its author's 
purf)09e is malevolent. In the more oomnnon use. of 

. the term» most propaganda maps are quite eff^ive 
graphics because their authors knew what they 
wanted to say and how to say it with maps. Their 
symbolization and classification are simple, direct, 
and tnterestidg. 

Map authors sincerely interested in effective car- . 
tographic communication need only^a formal 

' awareness of their message, an appreciation of the 
limitations^ impcised by the map reader s attitudes 

' and visual sensors, an understanding of the ele^ 
ments of maps, ami the common sense and initia- 
tive to integrate this knowledge A rnessage too - 
a>ropiex for an a\'erage reader might be made more 
acceptable if simplified into two or moca manage- 
able themes. Use of uncodaplicated. visually strik- 
ing^ symbolization might jnake a blase reader pause 
long enough before tunnng the page to appreciate 
and decode the map Careful choices ^data and 
projection and the use of graphfcatly lo^^l gener- 
alization and classifTcation might lea#^Ljreader to 
the desired interpretation and resp^Si^e ^Scbnven- 
tional cartographic practices mig|Q^ be' ma^de to 
serve traditional mapping needs 



Writers, of course, obviously cannot cater to illit- 
erates, and map authors should not be inhibited by 
totaBy unprepared or indolent map readers. A soci- 
ety priding.itself on the educ^onal opportunities it 
off^ ought not to ignore its duty to educate people 
to want to read both books and maps. Penalties 
accrue to the untrained map reader unaware of the* 
existence of 'a potentially useful map. The graphi- 
cally inept map user might not only be unable to 
ferret out needed information.'but might also be the 
victim of self-deception by inferring a meaning 
wholly uiu^lated to that intended by the map au- . 
thor. For a motorist or 'soldier the penalty might be 
death or injury; for a society wit^ graphically naive 
planners and politicians, the price might be an 
economic or aesthetic disaster. Even map readers ' 
with needs no more sophrstfcated than route foU 
lowing should be.spared^ajosfyihnpcence. ^ 

Map use cannot be effortless, i^lany maps — partic- 
ularly general as opposed to thematic maps — can- 
not and should not be distilled into useless sheets 
of .paper for the graphically lazy. Mapped informa- 
tion, like other information, achieves meaning pnly 
when the user is bdth able and willing to study the 
map Although map makers should strive for clar- 
ity, their goal should be to inform — not to seduce. 
Both map reader and map author have active rather 
than passive roles in carto^phic communication: 
both should attempt to understand the communica- 
tion process, both must stpve to make it effective. 
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